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Coefficient 

Projected area of boiler rear wall, sq, ft. 

2 

Area of burners s nJVd , sq. ft. 

Exponent of Reynolds Number 
Constant of integration 
Thickness of boundary layer 
Constant 

Specific heat, BTU/lb. - degrees P. 

Furnace depth - ft. 

Burner or orifioe diameter - ft. 

Mass flow in units of lb/sq.ft. - hr. 

Heat transfer coefficient, BTU/hr. - degrees P. - sq. ft. 
Thermal conductivity, BTU/ft.- degrees P. - hr. 

Subscript denoting mean value 
Number of burners 
Two dimensional quantity of flow 
Heat transfer per unit time, BTU/hr. 

Air to fuel ratio by weight 

Distance from side wall to burner 

Effective cold heat absorption surface 

Projected heat transfer surface in rear wall, sq. ft. 

Absolute tempe rature, degrees R. 

Absolute tempeature of cold surface 

Furnace exit temperature from radiation calculation 

Effective flame temperature 

Film temperature 
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AT 0 - 
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Steam or boiling water temperature 

Actual exit temperature from furnace 

Coefficient of convection heat transfer, 

BTU/hr. - degrees F. - sq. ft* 

Velocity in x direction 

Velocity in y direction 

Free stream velocity along rear wall 

Weight of air, lbs/hr. 

Weight of file}., lbs/hr* 

Weight of gas, lbs/hr. 

Complex potential function 

Complex plane, x-*-ly 

Nusselt Number - hD 

X 

Reynolds Number = GD = 

Prandtl Number Z Cp^^ 

~”k 

Temperature difference between free stream and wall 

Log mean temperature difference 

Constant for heat transfer equations 

Dynamic viscosity 

Absolute viscosity 
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INTRODUCTION 



Since the end of the nineteenth century, the marine 
boiler, both merchant and naval, has gone through an extensive 
period of evolution. The firetube boilers, such as the Scotch 
boiler, have given way to watertube boilers of either the header 
or drum type. In more recent years, the integral furnace two- 
drum boiler with integral uncon trolled superheater has gained 
considerable favor due to its simplicity, relatively light 
weight and low cost. In order for these boilers to meet the 
specified superheated steam tempera tures without control, it 
is necessary to pay considerable attention to the proper design 
of all heat transfer surfaces in the boiler. 

All boilers possess some sort of combustion chamber or 
furnace for burning the fuel. The gaseous products of combustion 
pass over the generating and superheating surfaces prior to 
entering any other heat recovery equipment and exhausting to the 
atmosphere. It is obvious that in order to effectively evaluate 
the heat transferred in the generating and superheating sections 
and thus the superheat temperature, the temperature of the gasses 
leaving the furnace must be accurately determined. 

The method of calculating the furnace exit temperature is 
one of equating the heat given up by the gasses to the heat 
absorbed by the furnace stir faces and solving for the exit tem- 
perature^^. Numerous descriptions covering the several methods 
of attack on this problem may be found in the current litera- 
ture^ 1, ^ , ^ , ^ , ^ , ^ > \ In general, the heat transferred to the 



furnace surfaces by convection has been neglected and the 
problem has become one of radiation only. Until recently 
good results have been obtained using these methods, whether 
empirical, theoretical, or a combination of both. 

In recent years the severe space and weight limitations 
imposed on naval boilers in particular, combined with increased 
demands on the boiler, have forced the designer to use heat 
release rates in .excess of 500,000 BTU/ou. ft. In order to cool 
the surfaces of the furnace, water-cooled walls, floors, and 
overheads have been adopted. These inovations were adequately 
handled as cold surface when using the conventional method of 
solution of the furnace problem. However, as increased space 
limitations have dictated decreasing the depth of the boiler, 
a discrepancy arose between the calculated and measured super- 
heater outlet temperature. The error can be traced to too high 
an estimate of furnace exit temperature. It appeared that heat 
was being absorbed in the furnace by some means other than 
radiation. Examination of the designs involved showed that they 
were fitted with shallow furnaces and watertube rear walls. 

The additional means of transfer was by convection through 
impingement of the gaseous flame on this rear wall. 

Since no data on this means of heat transfer was available 

in the literature, early evaluations were by "rule of thumb” 

(7) 

empirical means. Bethge and Townsend carried out an in- 
vestigation on one particular boiler. Holmboe and Hove ( 
investigated impingement on a flat plate with the use of 



models, but the results are not direotly applicable to furnace 
walls due to limitations on the geometry of the models, i.e., 
flat plates as the surface instead of tubes. It is because 
of this lack of adequate basic data that the present investi- 
gation was undertaken. 
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GENERAL CONSIDERATIONS 



The problem of heat transfer by fluid impingement on a 
boiler rear wall resolves into a problem of forced convection. 
Since the heat is conducted through a turbulent boundary layer 
or film, the thermal conductivity of the fluid k will be a 
factor. 'The film thickness depends on the mass velocity through 
the burners G, the distance between the rear wall and the 
burners or furnace depth D, and the viscosity of the fluidic • 
For a given quantity of heat transferred, the temperature of the 
fluid stream depends on the specific heat Cp. Letting <j- repre- 
sent a function, the following equation for the coefficient of 
heat transfer h may be written: 



CL P , fe.) (1) 

This may be written in an infinite series, all terms of which 

will have the same form. Therefore, taking the first term only: 

C* \a. f < 2 > 

where the factor o(,is an arbitrary constant dependent on the 

geometry of the furnace and the boundary conditions. Substi- 
tuting the dimensions and solving simultaneously for the ex- 
ponents in terras of a and e gives the following equation: 

_ c< (3) 

IQ. " J V / 

In more familiar terms: 



N, 



= 






(4) 



'WUL W 

The problem now remains to find the values of the exponents 
a and e and the constant ©6 . Examination of the geometry of 



the fluid flow in the furnace reveals that the fluid leaves 



the burners in a cone shaped stream directed at the rear wall. 
However, in order for continuity to be satisfied, the fluid must 
eventually flow parallel to the rear wall and out through the 
tube bank. Therefore, the convection heat transfer to the 
rear wall is conducted through a boundary layer of fluid stream- 
ing parallel to the surface. For this reason, the constant 
must contain those parameters that have a significant effect 
on the thickness of this layer as well as its velocity. 

For a given weight of gas flowing, G will be dependent 
on the size and number of burner orifices. Instead of using 
the number of burner orifices, the ratio of projected rear wall 
area to burner area Ap/Ao will be more flexible while still 
defining the significant factors in the geometry. Also evident 
is the fact that increasing D will increase Np e proportionately; 
however, the heat transfer will obviously not increase due to 
the decrease in fluid velocity as depth increases. Therefore, 
the ratio of furnace depth to burner orifice diameter D was 

T 

chosen as a significant parameter. This ratio, together with 
Ap/Ao, fix the significant features of the geometry. Therefore, 
the constant o(_will be a function of these parameters D and ‘ 



of this approach. Using two similar models having a linear 
size ratio of 2:1, they were able to measure the same value of 
%u for equal values of the dimensionless ratios <SD > Ap ^ 



Therefore, they justly concluded that extrapolation of model 
results to full size by using the dimensionless Equation 4 was 
a valid approaoh. 




Holmboe and Hove^®^ conclusively demonstrated the validity 
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METHOD OF APPROACH 



Since the geometry of the problem is so complex and the 
variables so numerous, the easiest and by far the most depend- 
able method of finding a, e, and ot was by experimentation. 

The method used consisted basically of testing a model 

boiler on which the parameters A£ and D could be varied. 

Ao d 

The actual phenomfnum of heat transfer was the reverse of that 
found in an actual boiler in that the rear wall heated the 
gasses flowing through the furnace instead of cooling them. 

Air was blown through the burner orifices of the model, im- 
pinged on the rear wall, and then passed out the stack. By 
measuring the weight of air flowing W a , the inlet and outlet 
temperatures T x and T 2 , the heat transferred could be computed. 
From this, Nusselt Number and Reynolds Number were calculated 
and plotted for each change in geometry. The apparatus was 

tested over a range of !? values of D from 3 to 10.5 an< * over a 

d 

range of 4 values of Ap from 11.47 to 45>»8» The weight o 1 air 
flowing W a varied from about 260 to 1200 lbs/hour. In all, data 
at $6>7 points was taken. For a more detailed description of 
the apparatus and testing procedures, see Appendices A and B. 

In the early stages of testing, it was necessary to run 
many of the tests twice or even three times to be sure that 
the data was reliable. However, as the testing procedure be- 
came more refined, this was no longer necessary. By insuring 
that steady state conditions existed in the model, reliable 
and repeatable results were obtained in almost all cases. 
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Figures 1 through 5 are plots of N Nu vs. N Re for the 

five values of D and air flowing through plain orifices. 

Figures 6 through 10 are plots of Njj u vs. N Re for the same 

five values of D but with the air blowing through model burners, 
cl 

In addition to the experimental approach an attempt was 
made to develop a theoretical analysis of the problem. This 
analysis consisted of considering the two dimentional problem 
only. Using conformal mapping techniques, the fluid flow in 
the furnace was mapped giving the free stream velocity distri- 
bution across the rear wall. Then considering the problem as 
one of heat transfer through a turbulent boundary layer on a 
flat plate, a relationship for Nusselt Number in terms of .the 
Reynolds Number using the velbcities previously calculated 
was derived and the results of this derivation compared with 
the test results. The differences in results are covered 
in the discussion. 
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ANALYSIS OP TEST RESULTS 



Figures 1 through 10 are plots of Njj u vs. Np 0 plotted on 

log-log paper. It is evident that for each value of D and 

cl 

A£, the test spots plot in straight lines. Therefore, Njju is 
Ao 

definitely a function of Np e to some power a; and a will be 
equal to the slope of the lines. 

With the equipment available for these tests, it was im- 
possible to vary the Prandtl Number of the gas. Therefore, 
the value of the exponent d. is assumed to be 1/3. This is 
in agreement with the equations for forced convection heat 
transfer over various shaped surfaces as given by McAdams^ ), 
and Jakob (9,10,11} The differences in most of these equations 
lies in the exponent of N Rq and in the constant. 

From Figures 1 through 5 for the case of air discharging 
through plain circular orifices, the value of a is 0.8? for 

i 

all curves. There are some slight variations in slope, but 
they are small enough to be considered negligible. Therefore, 
for fluid discharging through circular orifices and impinging 
on the boiler rear wall, the equation of convection heat 
transfer is: 



where the values of o(_ are given in Table 1, and Cp,^-, and 
k are evaluated at the film temperature. 

For the case of air discharging through burners, analysis 
of Figures 6 through 10 yields the value of a as 0.90 for D • 3, 




( 5 ) 
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5, 7, and 9. However, at D -10. 5» the value of a increases 
to 1.0. Therefore, the following are the equations for con 
vection heat transfer with fluid discharging through burners 
and impinging on the boiler rear wall: 

for §-£ 3 to - ...... (6) 

for £ >9 ^ (7) 

where the values of are given in Table 2 and Cp,^, and 
k are again evaluated at the film temperature. 

Table 1 Values of oC for Equation 5 

■ ■■ "■' ■ ■■ o 
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Table 2 Values of 06 for Equations 6 and 7 
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THEORETICAL ANALYSTS 



Considering the two dimensional case only, the plan 
view of the boiler furnace may be considered as a semi- 

/ip) 

infinite strip in the z plane v The burner is assumed 

to be a source in the front wall a distance r from the side 
wall. The effective width of rear wall is assumed to be 2 r. 
Thus, the boiler furnace with one central burner orifice can 
be represented by the following figure: 



ir 




( 13) 

Using the Schwarz -Chris toff el theorem , the solution 
for the free stream velocity along the rear wall may be obtained 
in the following manner: 

The flow in the t plane may be represented thus: 




~t/=- 






V £■ 
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where H Is at t - -1, G at t • 1, and F at t - k 
and k > 1. 

The deflection angles at H and G are ' rr /2 and at F it 
is zero. Therefore, the Schwarz-Christoffel theorem 
may be written as follows: 



ck-Vr 



* Cv-^r^ c-\ -o~ v * = A 

V -t *■- 1 



r 

.^Jk±L = ft CLo^vT' -L -V V3 

J Vver 



Applying the boundary conditions as follows: 



At 


G> 






o = 


A ' O } 






o 


At 


vV 






Lt> 


= CO4,-Vi"V-0 




Cos*v\ Lo — Cos. 



rs>o~r Ckos.-w"' CO = o 



A 



~£T 



• -?r 



Avot>. 



= C-Oi-rt ' <cb ) 



TT 



For a source at Fi 

VO = /m JLk> wneee te. "> \ 



Since the total strength of the source is -Q, in the 
upper half of the t plane only circle) = -4pr . 

OO = -J5L Si Gt-bO 

“TT 

(Vr. F -2= r- 



l - 



OL 



-S- CCsu - 1 



cd e. - Cos ** 



WBVi ~ OdU ~}i ^ 



ce e- ^1 cow*-'-t 

Substituting Into the equation for w gives: 

Lo — JL^x. f Cjo^W — Cc^vs ^CiT 7 

Stagnation points will occur where ^ o 



5c = 



OlA: i-fc 

Therefore, this is true of 5c _ 0 

s ucx^e: ~b- ~ cjcsm ~d*- 
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5 ir ~ 3 E 5 'w.w -- o 

-& -£> 
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Co 






At 
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; 2 = CO 


\ N5 H 






Ci. OT . 1*0^- 


Lir 



O f=0 WTAfc *C>fVTV©&0 

"TTSp) = o -' . -3- =. o vi & ■srr/vi.jorwoow} p»oiut- 



^ l to H ‘ 'V i 0 = l kj *c. <- TV' 
v “n? 



Therefore, ^ C 



la a stagnation point also. 



To get free stream velocity along rear wall, 

- aj x ; ak 



d <~o 

ICE 



<r 



where /u x and a;^ are velocity components in the x and 

o' 

y directions respectively. 
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Along the rear wall, oc -v 

'VA<E^> «=, v ^ T\ 3 - — S.VVOH "3^ COi~tr-V l toiw'rf -iluAT' 



AT = O 

“\53- ■=. - s.ivow'CO*- ^e. = X--V '•C). 

o 

- 



In a like manner: 



Cosh Hit = — Cc^-h "tt't 

x> 



*VT ^ = •*- 



LvO 



cl ^ 



- ^ 









a;. 



Cjos. * 1 L* ^-Cjc^m "l^JT 
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Therefore, equating real and imaginary parts. 



the rear wall: 



^v 0 



along 



AJ*, |L _ = AJ C (8) 

Coim 2^2*. -v- ~3iir 

x> t> 

It will now be neoessary to arrive at a suitable equation 
for . N Nu v * s ^ n S this velocity. Due to the complexities of the 
geometry, attempts to analyze the problem in three dimensions, 
or even allow for the faot that the surface is composed of 
tubes, proved fruitless. Therefore, it became necessary to 
simplify the problem. 



As an approximation one can consider the boiler rear 
wall as a flat plate with a turbulent boundary layer.' 
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The origin of the axis system chosen will be at the 
stagnation point in the corner between the side wd rear 
wall. To simplify the problem greatly, only the two dimensional 
case will be considered. It can be seen that for unit width 
in the z direction: 






where 



Ac 



is heat trans- 



ferred to the wall over a unit length in the x direction. 






&, 



r * 



where v is the velocity of the fluid at y 

4Tis the temperature of the fluid above the wall 
temperature . 



Likewise : 



r b r 


r b 


Lr cpAT ^ + AJ 


O 



c^- 



Over the distance A* the increased volume of fluid in 
the boundary layer may be represented by LAVA- 
Thi3 increased volume of fluid brings in a quantity of 
heat equal to A.o> . ^>oe TO crs. Tev\t>e-eATOejE evice £^o- 






Ac 



V i>! o Ay^ T ^- 



Due to continuity for steady state operation: 






Cp c£. © 



— o 






at^o Cp ' 4 I at p A*. - l ^ j° 



- J”f G «P £ ‘ T ^ ^ " 
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Combining terms and dividing by Ay gives: 

r V} 

‘Ho = Hr J 0 " H P Cp ^ " A 

However, von Karman^ ^ gives the velocity distribution as: 

and Rubesin^®) , simplifying the equation for b by 

omiting the buffer layer and assuming a somewhat thicker 

» 

boundary layer, gives the following relationship for b: 

0.31 1 "AH 

Wo * 

By assigning that at ^ at 




^ ^ cH) 7 



Substituting for 
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at 0 a3 0 
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*&■ 



ae. = St L - 0 '' 1 P ' U =* T » HI 

Since both aj c and b will vary with x: 



or integrating with respect to x between the limits of 



0 to x gives: 

=r .0=0 f> dp ^oA x b* 

where the substeip-rx denotes the quantity evaluated at x. 



Substituting b = .311 V ~W, ^ ^ yveuOi.- 

W OK a/ 

v- -°'v ^ YrJ 
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(9) 



Se looting values of depth between r and 4**, and substi- 
tuting values of. x from 0 to 2r into Equation 8 gives values 

of [_A? 0 ^3 • Raising each value of ’A, to power 

V p v 

and taking a Simpson’s mean gives v-i* 

^ K AAA. L ^ ^ 

where C-^ is given below: 
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Noting that ^-^7 and substituting the above 

values of [xj 0 ' into Equation 9 gives: 

r-— *- ^AJL' 

A 

V 



ju- = 



Since r = D, D/2, D/3» D/l*. respectively, the following 
equation may be written: 









G_p_Al 

'C. 



where cA is given by Table 3« 



Table 3 - Values of d-t for Equation 10 . 
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DI SCUSSION OF RESULTS 



In comparing the results obtained with circular orifices, 
burners for D ^ 9, and burners with D > 9, care must be taken 

■3 ** 

to note that each case has a different power of N Re as well 
as different values of o(~ • For example, using air with 
Kpe s 300,000 and N Pr ■ .7 gives: 



Circular orifice — 
Burners D = 9 

u 

Burners D > 9 ' 



N = a 

w Nu 

N Nu' 
N„u = 



Although the values of N Nu will diverge somewhat due to 
changes in N Re , the values for the above case are plotted in 
Figure 11 and several general trends are evident. 

N with circular orifices is roughly 50$ greater than 
Nu 

with burners. Since the use of burners imparts a whirling 
motion to the fluid, the sideward velocity is considerably in- 
creased while the forward velocity is decreased. Therefore, 
the convection of heat by efflux into the boundary layer will 
be proportionately reduced and the burners will give a lower 
value of heat transfer. 



Another interesting aspect is that beyond D of 9 the 
curves of N Nu for burners falls off sharply. It is apparent 
that beyond this point the free area through the screen tubes 
is large and the forward velocity small so that the fluid 
fails to reach the rear wall in sufficient quantity to prevent 
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some stagnation from occuring. The net affect is a resultant 
decrease in heat transfer. With circular orifices, however, 
the major component of velocity is forward; and the fluid reached 
the rear wall in all cases within the ranges tested. Prom this 
dropoing off, it may be assumed that In actual boiler furnaces 
the convection heat transfer to the rear wall is negligible 
beyond D ■ 9. This is substantiated with observations on 
marine boilers where D of 9 would mean a depth of about 12 feet. 



Although the curves for A£ of 22. 9 cross the other 

curves for the orifice case, the general trend of both the 
orifice curves and burner curves is the same. Also, With 

i 13 

reference to Figure 12, it is evident that as A£ decreases, oc 

first increases to a maximum value and then decreases again. 

For the oircular orifices the value of A£ for maximum 

Ao 

becomes larger as depth increases. This may be interpreted 

to mean that at greater depths maximum heat transfer will 

occur with smaller orifices. For the burners, all the curves 

are similar and maximum o<^ b is at A£ of about 13. Beyond that 

Ao 

point there is no advantage in adding more burner area. 



A search of the current literature revealed that 
McAdams (3) gives the following equation attributed to Colburn 
for heat transfer through a turbulent boundary layer with flow 



parallel to a plane surface: 

Jw ^ o-osg . 

C P V/, L ^ C V- V,/>. /<_ ) * 



With suitable 



transformation, 

.%• 



■= O.O'ife 






this becomes: 



ta. - 



JL 
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This equation is of the same form as Equation 9 except 
that the Prandtl Number, [_P? ^ ^ J is to the 

l/3 power. In addition, McAdams gives the following relation- 
ship attributed to Jurges for flow of air at room temperature 
parallel to a vertical copper plate: 

- °s ) (12 

where ^ AV . i is expressed in OTO / HG- r z - v AT. 

and V 1 is in ft/sec. The factors for Equation 12 are given 
in Table 



Table U - Factors for Equation 12 
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It is clear that the value of is dependent on (V 1 ) 

when V ^ 16 ft/sec. but is dependent on with V 1 16 ft/sec. 

With the burners at D -10.5# Equation 7 shows the same 

d 

dependence on the velocity, rather than the velocity to the 
.9 power. As previously stated, some stagnation must occur on 

% V 

the rear wall beyond D = 9# and thus the mean velocity would 
be very low - even below 16 ft/sec 0 

Since very few tests have been run on heat transfer by 
fluid impingement, there is very little data available for 
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comparison purposes. Friedman and Mueller^ ^ ran some te 
on air impinging on a horizontal heated plate and obtained 



ran some tests 



the following equation: 




( 13 ) 



where was dependent on the plate and the spacing of the 
discharge orifice from the plate. varied from .011 to 



.321 depending on the geometry. The geometry of these tests was 
considerably different from that of a boiler furnace so no 
comparison can be made. 



impingement on a flat oopper plate in the same boiler model 
used in these tests: 



The value of of . 02£8 is slightly higher than the values 
of .0095 to .021 found in the present tests for air discharging 
through orifices. This discrepancy is due to the lower ex- 
ponent of Np e found by Holmboe and Hove. The lower value of 



the exponent is believed due to inability of the equipment to 
maintain steady state at high rates. This caused their plots 
to curve over, and thus the resulting line had a lower slope. 



Np r = .7 and N Re = 300,000. This is approximately the mean 

value of the curves of for the orifice ease as plotted in 

Figure 11. It is of interest that the use of tubes instead of 

a flat plate made very little change on the heat transferred. 

This would support the use of the projected rear wall heat 

% 

♦transfer surface in the calculation of h in Appendix E. 
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This equation gives a value of % u of 738 for the case of 
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In analyzing the theoretical solution, no direct com- 
pari son can be made since Np Q Is actually based on the 
velocity along the rear wall rather than the mass flow through 
the burners. Since G = Wg and A c Is zero for a source, 

G has no meaning In this solution as It would be Infinite. 
However, since the Reynolds Number Is represented by / fil D 
It Is of Interest to note th&t ^ ~ is the mass flow along the 
rear wall. If ^ equaled where G is mass flow 

through the burners, a direct comparison could be made. 

Since for a constant value of Reynolds Number, N^ u is pro- 
portional to , ol is plotted in Figure 11 for the sake 

x- 

of examining the trend of the curve. In the model, r was 6” 

and d was 2" ; therefore, for comparison purposes D may be assumed 

ct 

to equal 3D. It may be seen that the shape of the ourve is 
r 

similar to the burner curves with the exception that the dr6p 

not included in the theory. It is inter- 
the curve is steep at shallow depths and 
increases. 



off beyond D = 9 is 
esting to note that 
levels off as depth 
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APPLICATION TO DESIGN 



As previously stated, the method of calculating furnace 
exit temperature is one of equating the heat given up by the 
gasses to the heat absorbed by the furnace surfaces and solving 
for the exit gas temperature. The rigorous solution of the 
problem would involve equating radiation plus convection to 
the heat given up by the gas using the following equation^^: 



1730 S c CF S F,) 




a 









■ ^ +Cw i 0 )c p 



( 15 ) 



, where S c is cold surfaoe, FgF^ is the combined shape emissivity 
factor, Tp is effective flame temperature, T c gas side tem- 
pera ture of the cold surface, U c is the coefficient of convection 
heat transfer, T m is the mean temperature difference, S** is 
the projected heat transfer surface of the rear wall, Wp is 
weight of fuel, R is air to fuel ratio by weight, LHV is the 
low heating value of the fuel, q f is the enthalpy of the fuel 
above to# (t a ” t 0 ) is the temperature of the air above t Q , 

Cp is the specific heat of the incoming air, and q^ is the 
sensible heat of the flue gas at the furnace exit temperature Tg. 



However, the question remains as to what value of£\T m 

I 

should be used in the convection problem. The flame temperature 
Tp is too high a gas temperature since the gasses in the vicinity 
of the boiler rear wall have been found to be considerably 
cooler^?"^* . In obtaining the data presented herein, the 
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gas was assumed to enter the boiler front at some constant 
initial temperature. In the actual furnace, combustion takes 
place after the fuel and air enter the furnace ; while in the 
test apparatus, combustion was assumed to have taken place 
prior to blowing the gasses into the furnace. Therefore, in 
order to use the data as presented, the assumption must be 
made that combustion has taken place and the gasses have 
assumed some initial temperature prior to impinging on the 
rear wall. 

The easiest way to handle this is to first calculate 
the furnace exit tempera ture Tg using only the radiation 
portion of Equation 15. The gasses are then assumed to impinge 
on the rear wall at this temperature t E* Using the following 
equation, a corrected temperature of the gas leaving the 
furnace T^ may be computed: ; 

~T\ - -TL 



ct. 




<£_ 



( 16 ) 



where Tg was previously calculated^ and T c is the outside 
temperature of the rear wall tube s, and may be considered 
equal to the temperature of the boiling water within the tubes 
T s , since the coefficients of heat transfer through the metal 
and to a boiling liquid are very high. S w is the projected 
area of the rear wall heat transfer surface, W g : W a -v-W f ; 

Cp is the specif! o heat of the gas evaluated at the average 






gas temperature 



CL 



Ak 



, and U c is given by the following: 

-t — L. _v _1_ 

Y\ UO 



For change of state, the coefficient of heat transfer through 
the water film inside the tubes hw is very large; s o 1 may 
be neglected. Likewise, k^ the thermal conductivity of the 
tube wall, may also be neglected unless the wall thickness is 
large. Therefore, U L ^ , and h may be found from 

Equation 6 repeated below: 

.=i _u 

3 



OR.. 






where C p , , and k are evaluated at the film temperature 

Tf and Tf = whereCJTm is given by the following 

& 

equation: 



(6) 



(17) 






(18) 
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Values of cL are plotted in Figure 13 vs. D/d and A p /A 0 . 

b < r 

» 

In computing G, the vanes in the registers are not allowed 
for; therefore: 



vx)« 



A, 



where W g is the total weight of gas and A 0 is the total 
burner area. 



(19) 



By estimating T^, the film temperature and average gas 
temperature are computed. Using these, U c and Cp are determined 
and T]_ solved for using Equation 16. With this new T]_, the 
process is repeated solving for another value of T^. Usually 



two estimates will oonverge on the solution with enough 
accuracy for engineering calculations. 

This correction for rear wall convection may be considered 
negligible with D/d greater than 9 . 
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CONCLUSIONS 



One of the basic assumptions made in analyzing this 
problem is that the gas enters the boiler front at some 
initial condition. In actual practice, oil and air enter 
through the atomizers and air register respectively; the 
oil ignites, and the burning gasses expand outward. The 
total weight of gas is equal to the weight of air and oil to- 
gether. This doesn't change in the combustion process; but 
the velocities do. 

In spite of this, the data presented for the fluid dis- 
charging through burners should give a good approximation of 
the heat transfer by convection in the boiler rear walls. 

The method of applying this data is given in~tue *ec.-rioo. 

In general, the following conclusions may be drawn in 
regards to the convection heat transfer in boiler rear walls: 

1. At depths beyond D/d — 9 the heat transfer is negligible. 

2. The heat transfer is a function of D/d and Ap/Ao, and 
the use of these parameters in testing was correct. 

3. There is no increase in heat transfer by reduoing 
Ap/Ao beyond a value of about 13* 

4. In computing the heat transfer, the projected area 
of the heat transfer surface may be used. 
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RECOMMENDATIONS 



The following recommendations may be made as a result 
of this study: 

1« Tests should be run on models with the tubes at 
various spacing and backed by both tangent and "T” tile 
to determine if the use of the projected area would be 
Justified in these cases. 

2, Further small scale testing such as this should 
be done using liquids as the fluid. This would allow more 
accurate measurement of velocity, weight of fluid, and 
temperature since radiation would be virtually eliminated. 
The use of liquids would also allow the Prandtl Number of 
the fluid to be easily varied. 
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APPENDIX A 



DESCRIPTION OF APPARATUS 

In order to effectively evaluate the convection heat trans- 
fer on the boiler rear wall, it was necessary to simulate with 

(?- 

models the fluid flow and heat transfer phenomina that occur in 
a boiler furnace. To accomplish this, a model boiler was used. 
Air supplied by a turboblower through a flow meter was blown 
through the model. The heat transfer was accomplished by re- 
versing the normal boiler process and allowing the heated rear 
wall to heat the air. By measuring the weight of air flowing 
and inlet and outlet temperatures, the actual heat transferred 
to the fluid could be computed. 

Therefore, with reference to Figure A-l, the testing 
apparatus consisted of a model boiler, steam generator, turbo 
blower, flow meter, and associated valving and instruments. 

The model boiler (see Figure A -2) was a modification of 
the 12 inch model used by Holmboe and Hove^ S It consisted 

of a plywood box similar to a boiler furnace with an adjustable 
front, tubular rear wall, and a row of dowels representing the 
screen tubes in a marine boiler. The furnace front was a mov- 
able copper plate containing the burner orifices. The scale 
chosen was l/8 inch = 1 inch; so that the two inch orifices 
represented 16 inch diameter burners. By moving this plate, 
the furnace depth could be varied from 6 to 21 inches. Four 
different orifice plates were constructed with 1, 2, 3» and 4 
orifices respectively. The orifices were arranged so that the 
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center of area of the orifices coincided with the center of 
the plate. In addition they were cut 3^-" between centers to 
correspond with normal boiler practice of 26 inches. 

The tubular rear wall (see Figure A-3) was a series of 
thirty-two 3/8" O.D. copper tubes brazed into an upper and 
lower header. The lower ends of the tubes were curved through 
slightly less than a right angle to give flexability for thermal 
expansion. Sufficient length was allowed so that a 12 inch by 
12 inch flat surface of tangent- tubes was exposed to the im- 
pinging fluid. The upper header was fitted with a steam inlet 
and a combination vent and pressure tap. The steam was dis- 
tributed in the header through a length of 3/8" O.D. copper 
tubing, plugged at the end, and drilled with l/l6 M holes whose 
combined area was equal to the cross sectional area of the inlet 
line. The lower header was fitted with a condensate drain. 

As installed in the model, the tubes were backed by 1 inch of 
asbestos cement, and the headers insulated with rock wool pad- 
ding. 

Steam for heating the model rear wall and to run the 
turboblower was supplied by a Clayton Steam generator. Steam 
to the rear wall passed through a needle valve into a moisture 
separator. A small tangential hole admitted the steam with a 
swirling motion, separating the entrained water which drained 
out the bottom. The dry steam passed out the tap to the upper 
header and into the tubular rear wall. The condensed steam 
drained into the lower header and out the condensate drain. 
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* The turboblower was an A Ills -Chalmers aircraft turbo- 
supercharger with the nozzle blocks modified to take steam. 
Saturated steam at 110 psig, as provided by the steam generator, 
passed through a regulating valve and a throttle valve provid- 
ing a nozzle chest pressure of 50 psig, A bypass was used to 
direct any excess air back through the turbine and out the 
exhaust, 

\ 

The flow meter was a concentric, square-edge orifice meter 
fitted with flange taps. The meter was installed in sufficient 
straight length of 3 inch standard pipe to insure accurate read- 
ings, A 2,114 inch diameter orifice was used, and the pressure 
drop across this orifice was read directly in inches of water 

on a differential manometer, 

« • 

t 

1 

In addition to the above, manometers were installed to 
measure positive steam pressure in the model rear wall and air 

v 

pressure in the Inlet chamber of the model boiler. 

Two mercury thermometers were installed, one in the air 

inlet chamber and one in the stack, to measure t^e A T of the 

air through the boiler. They had a range of 51° C. and were 

o 

graduated in 0.1 C, allowing the temperature to be read quite 

o 

accurately to the nearest ,02 C, 

A small balance and a timer were originally used for 
measuring and timing the steam condensed in the rear wall. 

However, this was eliminated when good agreement could not be 
obtained between the heat of ' condensation and the heat absorbed 
by the air. 
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Model burners similar in geometry to those used on marine 
boilers were constructed. They could be attached to the orj - 
fice plate in the furnace front and imparted a swirling motion 
to the air as it entered the furnace. Details of the burners 
are shown in Figure A -4. 

A description of the test procedure and method of oper- 
ation of t he equipment is given in Appendix B. 
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Figure A-5 



View of Model Boiler Taken from Rear Wall 
End 




Figure A-6 View of Model Boiler Taken from Inlet End 
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Figure A-8 Burner Orifice Plate with Four Burners 
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Figure A-9 Steam Driven Turbosupercharger as Used 
In the Tests 
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APPENDIX B 



TEST PROCEDURE 



The procedure for preparing the model and running a test 
is as follows: 

1. While the steam generator was coming up to pressure, 

the model was made ready for the test. The desired orifice 

plate and partition necessary for a given depth were selected 
and assembled in the model with the orifice plate against the 
screws in the floor. After insuring that the split rubber 

tubing on the partition and the rubber tubing seals around 

the doors and orifice plate assembly were properly located, the 
doors were closed and tapped with a hammer to set the points on 
the orifice plate assembly into the wood. The trunk snaps were 
then closed, squeezing the rubber tubing and making an air tight 
seal. 



2. At this point all the manometers were adjusted to zero 
and the two thermometers checked for identical readings. 

3. When the steam generator was up to pressure, the 
turboblower was warmed up and the speed slowly increased to 
maximum speed. The bypass control, in the combustion chamber 
on the turbine, was closed and the air regulating valve opened 
wide (see Figure A-l). Steam was next cut into the rear wall; 
and the vent valve, water trap drain valve, and condensate drain 
valve adjusted to allow a wisp of steam to flow out. This in- 
sured that the rear wall was completely filled with steam and 

no condensate or air were trapped in it. The steam pressure 



in the rear wall was adjusted with the needle valve to a posi- 
tive pressure of one inch of mercury. This pressure was main- 
tained throughout the testing. The apparatus was allowed to 
run at this maximum rate for about 20 to 30 minutes until it 
wes completely warmed up# 

4. During the above warm-up time, the barometric pressure 

was recorded as was the wet and dry bulb temperature which was 

taken with a sling psychrometer . These readings were also taken 

and recorded at the end of the test. The average were used to 

determine the specific humidity using the psychrome trie charts 

( 17 j 

in Ellenwood and Mackey 

5. After the apparatus was warmed up, the bypass was 
opened to the turbine and the weight flow of air adjusted by 
closing the air regulating valve. Originally the weight flow 
was adjusted by throttling the steam to the turbine, but this 
proved unsatisfactory as the blower tended to hunt. There 'ore, 
in order to maintain a steady state, the turbine was run at top 
speed at all times and the weight flow of air regulated by by- 
passing the excess. This method of control proved quite satis- 

factory. 

The steam pressure in the rear wall was then adjusted and 
the transfer of heat allowed to reach a steady state. This 
could be determined by observing when the inlet and outlet 
temperatures remained fairly constant. 

i 

6. When steady state was reached, the burner orifice and 
flow meter heads were recorded in inches of water. The first 
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temperature reading was then recorded, followed by the second 
and third at two minute intervals. The flow meter head was 
again checked, and if unchanged, the next weight flow would be 
tested, Tf a change in flow was noted, the run would be re- 
peated. 



7. After adjusting to the next weight flow, and while 
awaiting steady state, the average inlet and outlet temperature 
was calculated. Using this T^ and T2, AT through the model 
was recorded. The value of AT was then plotted 

against Vah p . This gave a good check on the consistency 
of the data from point to point since: 
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A* cr r_ 



and since 






_ J UA 

tOu. 



Vsi 



►Jg. 



-v 



A TT/ AW, 



1 

Also 

Therefore ; 



GTD 



and G = 



^ -v/ A tA F 



Vx3 ^ 



Since was assumed to be proportional to NRe to some 

power, then on a log-log plot at ^ & vA F vs. 

should plot as a straight line. This proved to be an excellent 
way of checking for points in error while still testing. A 
sample plot is shown in Figure B-l. 



- 






* 






A.T -/Em 




vsh; 



FIGURE' B-' ~ EVPER.IMENTI\L PUOTS OF AT A /Sw (r VS 



_ BA- “ 





f 






APPENDIX C 



TEST DATA 



The following pages contain the data as recorded in 
the actual tests: 






ApPFNOlX C. 

test data sheet number _i 

DATE 



TANGENT 



TUBE MnnFi Wvtmovjt 



BURNERS 



l~0- 



_no.tr, rcf^ < G> * FURNACE DEPTH, ZMAr” FLOW METER 



AMBIENT CONDITIONS 

START FINISH 

WET BULB TEMPERATURE 7T . -P- — F 

DRY BULB TEMPERATURE 



T 



T 

' $ 



’A . o °F 



BAROMETER 



■ a-A.AS "Ha. . "Hs 



AVERAGE 
-7-3. .V °F 

i ~ —— ~ ~ " 

Z^2JF°F 



DWJV’itl t-r-. i , 

REAR WALL STEAM PRESSURE _L_ " U 6 GAGE SPEC. HUM. _12^ 



GRAJN 3 







t 



l 



- *5G - 




APPENDIX Q 

TEST DATA SHEET NUMBER 
DATE VO-l'S-BP- 

TANGENT TUBE MODEL W rrwcjr BURNERS 

ORIFICE O) , __,<o FURNACE DEPTH, 2.114” FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE BS-B 'F > °F BA . p »p 

DRY BULB TEMPERATURE fcA.i °F ’ C-.S.O °f ’ 6q.PS - »F 

BAROMETER ^2L3Sl''H». , XA,A~i "He. } 

REAR WALL STEAM PRESSURE ' *' Uc. d AAR , SPEC. HUM. <o A grains 

lb. DRV A»R 



RUN 

NO. 


ah f 

" H a 0 


ah b 

“M..0 




TEMPERATURE °C 


AT 


AT 

°F 


ATVaH 


TRIAL 


1 


2. 


3 


AVG. 


*C 


t 


14.10 


XS.o 


3/e>S 


T, 


3S.05 


; 3s.\s 


^.Q.o 


3*S, \3 


Q n c - 


O.S1 


<=>7 . \ 


T*. 




-4-4.40 


AA-Ao 






'l 


U.so 


1^.50 


3.3<4 


T, 


^\.io 


3-4. «3^ 


3 . 4 . so 




A. ox 


VG.Tl*^ 


3*5.0 


T* 


AS. so 


-4 3. Go 


AS .*5G 


AS SA 


3 


7.00 


\X.G 


XG'S' 


T, 


34 -%o 


^4.So 


3S.OO 


SA.Ao 


UO.Si 


WAx. 


so.\ 


T£ 


^5. v? 


-43 <40 


^43*4*5" 


*Vo 




<0.20 


S. 1 


a.x'is' 


T. 


34. so 


3*K3S 


3-4 .-4 0 


34-35" 


^o.ai 


W.so 


41.X 




44. So 


AH-GS 


^4-7o 


44-GX. 


<5 


"2 .oo 


4-^Y 


\-4l-4 


T, 


3>4AO 




3-4*00 


3-4.0 3 


\\. AV 


^O.<o5' 


X\.X 




A6.<bO 


^S.3o 


-A3. S“o 


AS .S3 




G 


W.^Wa 


ts.'s- 


Z.Z°\ 


T, 


SA.%0 


34 .%© 


3-4. "70 


3-4.77 


10. VS" 


Vfe-.TV 


G>\ .V 




44 .°iO 


44 AS 


44 Ao 


AA.AX. 


7 




VG.O 


3.o%- 


T. 


SABS 


3*4.<bSr 


34.^0 


SA-fo4 


\o.xa 


\3.3x 


'57.1 ‘ 


T, 


*4*4.40 


44 Ax 


^.^<0 


AA AS 


8 


"3. 3o 


7-S 


\ .«-> 


T, 


^3.00 


3<o.OO 


34 AS - 


34 ay- 


UD.*7 


IA.S&- 




T . 


4S.V= 


4SAo 


*Vo.%o 


4S.^5" 










T, 








• 




- 




T* 


















T, 


































T, 
















T, 


















T, 
















T, 






- 





* 



APPENDIX C. 

TEST DATA SHEET NUMBER V- 
DATE IQ-lfe-SD 

TANGENT TUBE MODEL W'Trtoerr BURNERS 

v-^' 1 0RIFICEC5V 6, " FURNACE DEPTH, 2.UA" FLOW METER 

AMBIENT CONDITIONS 

START * FINISH AVERAGE 

WET BULB TEMPERATURE 57-IO »F ( ST -GO T > =5132; °F 

DRY BULB TEMPERATORE faR.BQ T , -iq.qo <T > ^.g Q »p 

BAROMETER so.ai “IG. , 3 q,;u ’‘He. , 3oai '‘He. 

REAR WALL STEAM PRESSURE __L_ '' U & GAGE , SPEC. HUM 

' lb. DRY AIR 



RUN 

NO. 


AH r 
" H a 0 


AH. 

"W fc O 


vST, 


TEMPERATURE °C 


AT 

°C 


AT 

°F 


otVoh 


TRIAL 


1 


2- 


3 


AVG. 


\ 


16.5*0 


JH.O 


TRA 


T, 


3*7. ‘STO 


37.7*5 


37.<40 


37. -77 


g.©s 


\5.90 


G.-X.G 


T* 




Afe-30 


A<b-">0 


AG. Go 


X 


• 

IX..GO 


& 0 . 2 , 


3.56 


T. 


3^.00 


3G.S5 




•SG.A-) 


'5.50 


VCo.OO. 


SGH 


T„ 


A'S.SO 




AS-%5* 


A5-%-T 


3 


10.60 


O. G 


S.'Z-A 


T , 


St-'W" 


3b .Sro 


3 Cq .70 


Sfc.^2. 


A.\G 


\fc.SO 


63.^ 


T fc 




AG. OO 


^3.°lO 


A “S’ .Rtf 




8.30 


\^.«5 


£-8© 


T. 


^.?ro 




■SO %'S- 


3b,%2_ 


C (.A3 


\n .00 


4A.O 


T*. 


.*2-0 




4(o3o 


4(o-^ 


5 


G.to 


W.O 


AD 


T. 


3£» .St b 


3^7. C>0 


3-7.0 0 


3<b^ 


Tg6 


\7.37 


A3.3 


T* 


AG. GO. 




Abb'S 




G 


^.\o 


8.H- 


£.05 


T, 


S6.fc5 


SO AO 


SG.So 


SG/ihr 


\ 0.00 


v^r.oo 




T fc 


AG>.%5 


Ab5to 


AG 30 




7 


£.00 


A.A 


l .AH 


T, 


^.lo 


3b.7<3 


3<b .(bo 


3<b».Gfc 


VO-?T<t 


V^.GO 


X7.1 


T* 


*V7 . bo 




<4-7. <00 


A - ). «57 


8 


t.oo 


3.£, 


Oo 


T, 




30.0-0 


3b . *0 


3<b.i>0 




0-0. GT 


3-0. G6 




A - ) -bS 


-V7.7Q 


A*7-TO 


^V?.<bV 


x 








T, 
















T* 






1 












T, 
















T a 


















T,’ 
















T* 






. 












T, 














- 













- to© - 



appendix c 

TEST DATA SHEET NUMBER 
DATE ?- A 1=- S4 

''*« TANGENT TUBE MODEL Wi rnou-T BURNERS 

• » 

1-2.-" ORlFlCEfS^) /g " FURNACE DEPTH > 2.114” FLOW METER 

AMBIENT C0ND\T1QNS 

START FINISH average 

WET BULB TEMPERATURE 75. ? °F > XT ? °F , 7S. ? "F 

DRY BULB TEMPERATURE 23 - 5 °F ’ g3-g °F 

BAROMETER So . 3.0 HE 30.)<7 ’Hg , i o.lXS "H* 

REAR WALL STEAM PRESSURE _J " Ms. GAGE , SPEC. RUM. / .3. A — 

ib.DRV A>R 



RUN 

NO. 


AH, 
M H a 0 


AH. 

"W.P 


JEh, 


TEMPERATURE °C 


AT 

°C 


AT 

°F 


atVHh 


TRIAL 


1 


Z. 


3 


AVG. 


/ 


« 

H-S 




3,81 


T, 


a//.,Ao 


lXL,2S 


7 / 2.75 


XJ.?o 


(a. 70 


/a.e 7 


Wa,o 


+* 


X8-/5 


XX .'LL 


X!-9s 


Xe-Od 


X 


/3.0 


12,5q 


3 . <oG5 


T.. 


XX-XS 


XS-3o 


XX 30 


Xj.s.8 


7.1 7 


/x.9o 


XX. S3 


TV 




X9, So 


X9-S5 


X.9. XX 


3 


Ao. 1 


/6,0 


3X7 


T , 


XL 3o 


X/-3o 


V/ 3 (d 


X/-A9 


7.qe 


7X3? 


X 7.00 


Tjt, 


X9. <1*9 


X9.3o 


X9-3o 


XQ-O'7 


V 


?. 7 


/A. (f>5. 




T. 


77 ST? 


X/. 6>o 


d> 2 


9/S 7 


7Li8 


JX.AL2 


Xsxs 


TV 




XX 77. 


99- 2 0 


X9-7S 


S' 


7 . 90 


//. 5 S'. 


3-8/ 


T. 


7a<?s 


XL 70 


Xx .00 


XL 9o 


8.3o 


7X^92 


X/.?y 


T* 


Sb.Ao 


So AO 


So. .XI 


i 

So . X 


<p 


b./o 


8.70 


J,/7 


T, 


XX 00 


Xx .00 


V 2.08 


Sx .01 


8.32 


75. /O 


37X5 


T* 


So. 70 


So. Vo 


SO.X3 


SO.Xl 


7 


5. o<? 


7-57 


MW 


T, 


XX. 03 


Xx.xe 


Xa.XC 


XX So 


8.50 


75, 3o 


<3V. <2- 


T* 


SO_,J fc 


SO. 7/ 


S0,?/7_ 


So, 73 


<? 


2.65 


V5V 


A?/ 


T, ' 


AAL.3D 


XA39 


XX.Xo 


XX.3L 


8-70 


75.7,3 


39.95 




S/-OD 


S7.oX. 


s/./o 


S7_,a6> 


7 


<£./«? 


AXS 


/■9a 


T, 


Xx.33 


X2.18 


X2-X5 


Xx.oQ 


9-0/ 


79- 28 


23.9o 


TV 


S/?S 


S'. 35 


J~7 So 


SL 33 


J_o 


/•<? 


AO 


/•O 


T, 


X, /So 


XL&3 


XL 75 


XL S3 


As 5 


/6>8S 


79,83 


T* 


U73 c 


SL LX 


57 7o 


SL/8 










T, 
















T* 








• 










T. 
















T. 






\ 





APPENP1X C 

TEST DATA SHEET NUMBER 5U ~ A 
DATE ro- 7-9T9 

I 

TAW GENT TUBE MODEL Lizcr/*0/jT- BURNERS 

% 

% * 

l- 94 ± ORlFICEO), FURNACE DEPTH > 2.114” FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE 7V- 7 “F > 74-9 °F ( ?VT »F 

DRY BULB TEMPERATURE 7Z_2* °T , 7^- <£ °F , ££ ■/ °F 

BAROMETER “Mr, } J-7.9 "Hi 

REAR WALL STEAM PRESSURE __A__ " U& GAGE . SRFr HI )M ^ 

tbC^VAiR 



RUN 

NO. 


ah f 
" H »9 


AH g 

"w*o 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


C8\-Jm r 


TRIAL 


1 


Z. 


O 


AVG. 


/ 


94 .oo 


-?-?• / 


3-7-9S 


T, 


_ 4o-4o 


4o*55 


Vo,6a 


40-092 


4-ffo 


/2X4 


43.9 


T* 


. 47- 20 




47 -4o 


4?- 3* 2. 




/<? • 3(5 


/7- 7 


r 5 ; 


T, 


4o 3o 


4o-as 


40,90 


S4..3S 


7.19 


93./, 


47 . / 


T* 


4'?./ e o 


V?- 6> S 


494oS l 


430,4 




$■05- 




A •S’V 


T , 


4o-0o> 


4o.6>C 


40 <j>/7 


Vo.&O- 


7,49 


/1.48 


38.25 


T„ 


48. os 




*9$./ 3 


48-09 


y 


S~./o 




<? 'Q&> 


T. 


40 -7S 


$lo_M 


4o-.Ps 


4o,83 


n.9 7 


94-34 


32-4) 


TV 


48-70 


■48. 8 o 


49.9o 


4e.2o 


vT 


3-oo 


(o-78 


/■ 775. 


T. 


Ao-.ZS 


4 / 0 . 9o 


4o -9-r 


4o-9o 


8. 34 


95. 3X 




T fc 


4?-2S 


49-43 


4f-4s 


49-4/ 


& 


A2lO 


9.44 


/■A 4 


T. 


-4o-70 


4oOs 


a/& . & 4> 


Vo . 67 


9- o r 


96, -3.2 


J8-s 




49. Os- 


49-70 


49. <o? 


49.48 






» 




T, 
















T» 


















T, 
















T, 
















J 


T, 




• 












T„ 




* 














T, 
















T a 


















T, 


1 














T* 




\ 














T, 
















T„ 











APPF NOIX C- . 

TEST DATA SHEET NUMBER- <2 ~ 
DATE 



TANGENT TUBE MfinEi. U/t -thou-f- BURNERS 

,- 4 ." ORIFICE (S^, A> - FURNACE DEPTH, 2.U4" FLOW METER 



AMBIENT CONDITIONS 

START FINIS H 

33 -I *F °F 



WET BULB TEMPERATURE 
DRY BULB TEMPERATURE 6 3-3— T 
BAROMETER 3 fir “Ha 

REAR WALL STEAM PRESSURE L — "Pc. GAGE 



^ 7 -/_. °E 



AVERAGE 

xv. y t 

< ^. .3- °F 
11 ^ 



SPEC. HUM. 



lb. CRT AIR 




APPENDIX C. 

TEST DATA SHEET NUMBER 

DATE ?- SO - S? 

TANGENT TUBE MODEL BURNERS 

/- 3 . ORIFICE (S>) . (4 " FURNACE DEPTH, 2.U4* FLOW METER 

AM&ENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE 22 ll *F , 79- f °F , iUL°F 
DRY BULB TEMPERATURE S'O.^L, T , < P . °F , £.3 °F 

BAROMETER "Ha , "H& 

REAR WALL STEAM PRESSURE __Z_ " Wo. GAGE , SPEC. HUM. SAX 



RUN 

NO. 


“ H»0 


AH b 

tt W«P 


1 

/au 


TEMPERATURE °C 


AT 

°C 


AT 

°F 


AT VflH 


v ^ V 


TRIAL 


1 


2 


3 


AVG. 


/ 


/y /ro 


tf-so 


3-9/ 


T. 


4 /.so 


4/. 7.2. 


U/.LS 


4l <eJL 


S-.S 2 


80.8 s 


*Jo 6 


Ta. 


47 2.0 


47-70. 


42X2 


47, £3 




73. /S 


/ s? . o 


3 2 SJ 


T, 


V A 3r> 


4 /. Uo 


4/ (,Q . 


4 {,-4.3, 


442. 


8 L£A 


7/3.0 


T* 


4720 


47,9 o ... 


4?.o\ 


4242- 


3 


//./<? 


/ '& . 0 


3.33 


T , 


V/. 24) 


4/. 4-t> ... 


4/432 


4/4.4. 


82a. 


/£> -4o 


4/ A-_ 


T, 


Ur ./o 


4f.2o 


4g./> 


48. /s 


ij 


/o .as 


♦ 

/4.4 


3 .A 0 


T, 


V/. Ad? 


4/- 20 


4l 3g 


4/. 3 7 


2-29 


S 2 .S& 


V 8 >o/ 


T* 


4$. zo 


48-20 


4f-3o 


4.224. 


— 4- 


fr.o 


/2 


3. o-o 


T. 


4/38 


4 /SD. 


414/ 


4L 4o. 


2 jz 2 


//O' &£ 


4.7,2s- 


T fc 


42. 4/ 


4?.st> 


4l 52 


48.4? 


8, 


7 So 


/o.ZlS 


X-74 


T, 


4/.SZ> 


4/. 72 


V/. 92 


4/70 


2L2H. 


82- $-§.. 


JS3o_ 


T fc 


4?. 7C 


ft. £2 


49.00 


48.84 


y 


Uss 


1?S 


J. 3SS 


T, 


4/ to 


43. 03 


4222 


t/2M- 




2321 


3p 4&Q- 


T» 


49 '24. 




44i22- 


<49-33 


£> 




S. 3o 


^>tT 


T, 


(12-36 


42. 3 0 


42-32 


444L 


7-J/ 


XL ??. 


oldr- Cp 23 




4/-SO . 


44 32. 


49-ss~ 


4?. sa. 


9 


■ — 
3. /<? 


s/. oo 


i.'lL 


T, 


42.3o 


4a. 4« 


4a. 4> 


42. 33. 


. 7392 


S3, /l.. 


4331,. 


T„ 


i9-8s 


4?. 7o 


4f- 74 l 


4244 


so 


A 0 


/. o 


/. CO 


T, 


ya.o* 


4/9o 


4/L8o_ 


4/ 9o 


.3.22 


73.80 


8.9. s 


T a 


49. /s 


4/xA. 


4f.4? 


</4SA 


// 


-4-a 

/S so 


2o 7 


3.f4 


T, 


43. 5 8 


43.38 


4.8.70 


47.7.2 


8-84 


78 . 7 4 


47. 7_ 


T* 


SO-XO 


SO .32 


$b. 3S 


SO. <26 


CJL- . 


S3,3a 


8k. 7o 


32 4 


T, 


S3 -So 


43 . to 


44s£L 


44421 


4.7Y 




) 44. 4 




So-So 


42,42 


4?& <3 44 


so. 4s- 







, 



APPEND' A C. 

* * • 

TEST DATA SHEET NUMBER ~5~^ 

DATE IQ- Xl-S^ 

tangent tube model turmoot- burners 

% 

LzJkl ORiFlCEO) , FURNACE DEPTH ; Z.'lV FLOW METER 

' AMBIENT CONDITIONS 

START F'NISM AVERAGE 

WET BULB TEMPERATURE 56*0 »F ( °F } -5&.C *F 

DRY BULB TEMPERATURE C£L L °F , feS". X °F \ 67, G *F 

BAROMETER 30 4C “Ha ^ , 3 0.-4T 'fe 

REAR WALL STEAM PRESSURE / " Ms. GAGE . SPEf. HUM 4,^ — 

lb. DRY AIR 



RUN 

NO. 


AH, 
M H a 0 


ah b 

"H a 0 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


at>/qh 


TRIAL 


1 


2. 


3 


AVG. 


/ 




xa.o 


>4.03 


T, 


BS.oo 




3S\oo 


34.^^ 




/2. 97 


52.1 


T* 


42. PO 


4 -A (S' 


45.2-0 


"V " 


2 


!-b. 90 


3.0. 3 


3T3 


T, 


3<+.^r 


34. SO 


V' 


34.44- 


7tT/ 


13.GX. 


St). *T 


Jx 


43.03 


4.X. OO 


*V.&X 


4/.9S" 


3 


//. 90 


n. 7 




T , 






34.5*6" 


34.5^ 


7.60 




47.1- 


TV 


4XX© 


4X./-5-" 


47 -/S" 


4x(T 


4 


9- 70 


/4. ‘T 


3. If 


T. 


34.^0 


34.SG 


344fST 


3^S5~ 


7.62- 


13 . 1 ! 


4x6 


TV 


4-aaa- 




-4^. 


4X0 


S" 


7. 96' 


/a. st 


2.V\ 


T. 


34.40 


34.40 


34.46" 


34- -/X 


7.7^ 


I//. 01 - 


39 V 


TV 


"fx.ao 


462- 7o 


-4a. X> 


4X40 


6 


6>. 2-S 


9. G 


2^0 


T. 


34-43 


3 ^.6(9 


34. 6S* 


3 


?.**- 


w.or 




TV 


4X30 


♦ 

4X40 


-4a -4S^ 


4X.3ST- 


7 


-4.00 


6.3 


x.oo 


T, 


3-4. feO 


34.7S* 


2>-f.fcS- 


34.67 


7.JTG 


w.ttr 


^r.4 


T, . 


4A-4S" 


-^a.6o 


4X.SiT 


4X73 


S' 


/•9o 


-9-0 


/•3-?r 


T, 


34-3/ 


34-4 0 


34-40 


34-37. 


&.4? 


16“ /S'" 


10. r*- 


T x 


44.7 S' 


-4X-SO 


4A_.£p_ 


4X-7Y 




I.Oo 


♦ 

3.0 


1-0 O 


T, 


34. tO 


33.95* 


34.00 


34-02. 




Mf 44 


/6~46" 


Tx 


4£--6>Sl 


4X.PO 


4x.s?r 


,-4X.Go 






■ 




T, 


































T, 
















TV 


















T. 
















TV 
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appendix C — 

TEST DATA SHEET NUMBER JL 
DATE /a-4- S9. 



/-a 



// 



TANGENT TUBE MODEL BURNERS 

t 

ORIFICE (>) , j 2. !_ FURNACE DEPTH, FLOW METER 



t 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE 7 , K * F > F , 7 it ■#- F 

ORV B0L9WBWWE ^7 > ^7 ■ 



GRAINS 
"lb. DRV AIR 





appendix c. 

test data sheet number - 4 -zJl — 

DATE ^2. 

TANGENT TUBE MOnFi M/thouT "- BURNERS 

ORIFICE (s\ IK " FURNACE DEPTH, ZM*' PLOW METER 



AMBIENT CONDITIONS 

START FINISH AVERAGE 



WET BULB TEMPERATURE gEii 

DRY BULB TEMPERATURE 
BAROMETER c 

REAR WALL STEAM PRESSURE t 



°r , 

°T C=> / 

r f ■ 

l 'Ha , 30* J-/ 

" W«. GAGE , 



°F , ??.K" °F 

T ’ frfc- 3g °F 

"H S . , 

SPEC. HUM 



GftAIHS 

Ib.WW A)R 



RUN 

NO. 


AH, 
" H a O 


AH„ 

"^0 




TEMPERATURE °( 


: 


AT 

°C 


°F 


^tVqhJ 


VAH, - 


tfmalI 


l 


2. 


3 


AVG. 










T, 


3C-1o 




3£A° 










/ 


/G'.is" : 


WT 


3.V ’ 


Tx 


* 


yi.9o 


^3.05" - 


W/?i- 


£.*7 


//•6b" *■ 


4^S" 










T, 


39 .oo 


39-00 


199.10 - 


3Y.03 








Z 


//. 




3rVs" 


T* 




90 93 - 


40 SO ' 


f0.9<o ^ 


GY3 


//S' 1 ? ' 


fD.O 










T, 


3-y.<3s" 


3-9-10 


34. nT ' 


3-4.(o 








3 


/O.O^f 


/4>.o 


3.0 


T, 


l^(p.fe?S" < 


40 . 70 > 


4-O.lS « 


■90.10 


i 


f/.8r? 


37.7 










T, 


3*30 




3* 00 










Jf- 


sr. as" 


/z.>sT 


ZT7 


T v 


U/.6>0 


•f/.X? 


•f/. 3 0 


-ihn 


(c^ ~?*4 


/7G 


3*.K 


/ 








T. 




S'/TO 


3* fro 


39- Sx. 








5" 


G.oo 


to. %'s 




T t 


Ip/V/sf 


< 7 ^/. So 


-4/. 6 0 


9I‘S" j_ 


7.00 


/^L G 0 


39 . r 










T, 


Uy.-Vb" 


7L ,;SO_ 


3T. fe> O . 


.3T.SA 






! 


c=> 


3.96" 


7.8rS" 


/ASrc, 


T* 


Ua }o 


*V/.7X 


^/•frbT 


9A7<9 


7-9.9 


13 .02. 


<2Sli£] 






♦ 




T. 


3 »Y.&o 


3*. 79 


3&l£L 


34.(s>V 






| 


7 


1 k.O< 


Ars"' 


/.**3 


T. 


Uy.oT 


-9-x.io 


*a./sT 


&X .10 


1.92- 


/3.3 _k_ 


/f./g-l 






- 




T, 


3* ST 


3Y.S7 


>y.E3_ 


3953- 








r 


/- CK? 


3.3L<" 


loo 


T t 


Uj.3o 


°#L30 


9X 3X 


9X-3/ 


7. 7K 


/4.0o 


U9.oo 










T, 


35-oir 


3 On 


.2SJS1 


2 SJCL. 








9 


rx.%o 


ZO-3 


3Sf 


T* 


U 0 .. 6 O 




9fix.uo 


.^■sr_ 


. 6 - 22 - 


.LLUL- 


43. (0 


/ 








t, r 












I 










T * 1 ~ 






















T, 1 












I 


•* 








T* 












I 










T. . 1 










% 


1 










\ 1 " 


J 










J 



APPENDIX C 

TEST DATA SHEET NUMBER £. ' 
DATE 

t 

TANGENT TUBE MODEL U2i±t o*/- BURNERS 



Lz& 



.ORIFICE (5) } FURNACE DEPTH 2.114" FLOW METER 



AMBIENT CONDITIONS 



WET BULB TEMPERATURE 
DRY BULB TEMPERATURE 
BAROMETER 
REAR WALL STEAM PRESSURE. 



START 

7.4,0 *F 

*3.S *T 

19-9 J » Ha. 



FINISH 






°F 

°F 



average 

70 - Q- ®jr 

<PUT 



87 - o 

c25L2/L *H«. ,3 9.9^- ’'Ha 

‘ W* GAGE , SPEC. HUM. /PA 



GRAIN 5 
~lb.t>RY AIR 



RUN 

NO. 


ah„ 

* H a O 


AH, 

"M^O 


J**. 


TEMPERATURE °C 


AT 

°C 


AT 

°F 


AT v/0H 


trial 


I 


2. 


3 


AVG. 


- 


S3. SO 


79,40 


3.7/s- 


’ T, 




Vo- 70 


4/oo 


4c>-?? 


44,/ 


4-3o 


3o.? 


T x 


4s. /-s 


45130 


4s,7t> . 


4.T.33 


^2, ... 


/J-3S. 


/ft -50.. 


3.S-V 


T, 


4 14c 


4/SS 


4/ sso 


///.sS- 


JTo3 


?,oS 


e>/;7 


T x 


4ft-30 


4/ B ._6o 


46.33 


% /cl 




9. 9S 


'4. ST) 


3./sr 


T, 


42. 00 


442s 


42. so 


4Q2.< 


v5Z 42Z> 


<7 3 ft, 


<29. sss. ' 




4720 


47.4s 


47. 70 


47.42 


4 


ft. S' a 


/J> 2^ 


3. 9 a 


T. 


42. so 


42.9s 


V 

43.00 


4233 


s.22. 


s 1 ^ 

.4l4q_ 


4 

2 ft- 0 


Tx 


47- 9.7 


4ft /s 


4ft 20 


4ft. /o 


y 




< 7.0 


3.2/9 


T, 


43. /n 


W3.+/n 


>/*. 52) 


43.33 




9.S7 


2-4A 


Tx 


4ft 4/r. 


4f 7o 


/ 

4ft. ft 0 


4Ua 


X 


9. as 


S. 7S 


e >? O /rt 


T, 


43- SD 


43.7*0 


^3. 6/0 


43. so 


r:4o 


4. 70. 




Tx 


4/.9o 


40. ns 


49.00 


/ 

4ft-97 


; 


'h/JLD 


4- Vo 


/ 79 


T, 


434^0 


43 6 6 


43-70 


/ 

43 6s 


51 44 


<?. 9<7 


• 

7ZA~ 


T * 


4 ft. OS 


jJq. / 0 


49-4 


49-09 


/ 


/•JvT 


3. as 


/. 3.7, 


T, 


43 SD 


43.40 


43-J/o 


43.7/7/ 


AT 60 


70-09 


/3. 7 




49/0 


49. nS. 


4?. os. 


.49.0.7 


y 


/. 0 


U<L 


/, 0 


T, 


43.44/. 


43,2* 


-4321s. 


r 7 

43-22. 




00. 4o 


/o-4 


Tx 


44.00 


4747 


49. 00 


4ft 4? 


/<? 


/ST T 


Ja.sr 


3- 94 


T, 


47. .4-0. 


.49-3o 


4(430. 


4r*.3.3 


4.77. 


4.3 9 


43.3 


T a 


57 00 


s7./o 


S7. 4o 


.7720 


// 


/2.fto 


/ft. SO 


3.SX 


T, 


46>/o 


770. SO 


464a. 


4o.3S 


A~s>9 


f/ft 


42.3 




477 3/ 


27. SD 


47- so 


S-A44. 










T, 



























* 



— &>G - 



- APPENDIX C 

^ TEST DATA SHEET NUMBER T-/? 

DATE 

0 

TANGENT TUBE MODEL 7~ BURNERS • 

/-A "_,..pRlFlCEfS\ 2/ FlIPNlA^F DEPTH } Z.WA" FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE SkS. °F , £2 'o °F , 5k *£ *F 

dry bulb temperature kk l °f , <kkkx. t , hY.nx r »r 

BAROMETER 1 32^ZL"V*. , 30.x/ "Hr. } -?o.x/ 

REAR WALL STEAM PRESSURE L.''W&GAGE . SPEf! HUM GgAINS 

lb. DRY AIR 



RUN 


&H r 


ah 8 




TEMPERATURE ' 


s c 


AT 


AT 




NO. 


* H a O 




trial 


1 


2. 


3 


AVG. 


°C 


°F 










T, 


36 oo 


3-6. /S' 


36,5-F 


3i>.n 








/ 


15.3%" 


?T.S" 


B.Y/b" 


T* 


°4J.O0 


•4a. rr 






6.(3 0 


to. 


AfXZ 




* 






T. 


36/F 


3£,oo 


3T.9d 


36.02- 




t 




£ 


/3.3S" 




3 6^ 


T* * 


^ 23 






'W.2-6 


G.5V 


//•? 3 








- 




T , 


BT.'Vo 


J2£Yo_ 


>T9d 


3r.?o 










/0.?O 


/?. ? 


3- 27 


T * 


Y5 3 o . 


^5 30 




•JO. a/ 




//. 5* 


3?.r 










T. 


Bg.O-’T 




3&.©o 


3T.TO 










S-3s" 


l^A 




T t 


^ - 6 2> 


-YX-5t 






(?(p'X 


//-9/ 












T, 


36'©o 


36. or 


3&.nT 


J6.or 








6"' 


6-30 


fO.G 


2.S7 


T, 


^XfcX 


"M. ?IT 


*2.?o 




C>.6>! 


//.9c 


79 . 9 










T. 


36 3,0 


36-30 


36 33 


36.3/ 










*Ha< 


£ ’.o 


2-or 




■f3,or 


Y3.0o 


rfl.OT 


-73.03 


6-7Z 


12. to 


^i,7 .. 










T, 


36-3o 


36ajr 


3GXo 


3£aA 








7 


3-o<r 


*s" 


/fV3 


T * 


4UT 


^3AO 


<*n.(o 




o>. yc? 


/X3b" 


m 










t, 


O 

O 


3S9o 


?.s'SrtT 


2S'.?x- 








S' 


/.Oo 


3. 5b" 


/.CO- 




^3. oo 


<^2.9x 


*4a.<?o 


* 

oa-9-y 


7.01- 


/X63 


tX 63 










T, 
























T„ 
























T, 


















v> * 






T* 
























T, 












































• 




T, 
























T* 

















_ tl- 



APPENDIX C 

TEST DATA SHEET NUMBER Yg 
DATE 2^^lAo. 

TANGENT TUBE MODEL CO,'iV>o<>7- BURNERS 

ORIFICE tS>T 2/ " RJRNA.fr DEPTH, 2 .U 4 ’’ FLOW METER 

' #" 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

Tm *' j 

WET BULB TEMPERATURE &j.o “F > S2_o »p > o r2x.O "F 

DRY BULB TEMPERATURE 62-0 °F , 62.0 T , . p *F 

BAROMETER . # 3o. o^ Hr. Jk.o^ '‘Ur. 

REAR WALL STEAM PRESSURE ^ " Ms GAGE , SPEC. HUM. GRAINS — 

lb. DRY AIR 



RUN 

NO. 


AH, 
B H*0 


AH g 

''W fc O 


-ft*. 


TEMPERATURE °C 


AT 

°C 


AT 

°F 


ATn/aH 


TRIAL 


1 


2. 


3 


AVG. 


/ 


75.22 




3 4° 


T, 


32-Vc 


S3 -SO 


32. 6, s 


7x2.52 


T 69 


/n.2^- 


39.4 


Tx 


3% JO 


Bg.Srx 


SX.30 


38-2o 


.2 _ 


/_?. .3.*r 


715 


3,52. 


T. 


3x2 So 


33. 57 


3, ?sz> 


3257, 


5. ?7 


% 

<3 

\| 


37:3 


T * , 


38 55 


37.55. 


.&X 


38.53 




/o • 


/&>. o 


5.1+ 


T, 


33.3S 


3223*. 


32-30 


32.32 


' A> 


//./# . 


6 6. 2- 


Tx 


3X- «r<r 


ex. sro 


38 .50 


68.52. 


y 


7.Vo 


JB. 0 


V-9o 


T, 


33.37 


351. Vo 


32.35 


32.37 


- *3t? 


7/3+ 


SlALS... 


T, 


33-6*7 


38 70 


32-65 


38.4,7 




6 -3s 


9,7 


2 


T. 


33.22 


32.2s 


32.30 


32,23 




77 76 . 


39,4 


Tx 


68.80 


37- SO 


32 S3 


38,87' 


2 


V-2 o 


<p^7 


A?,o5 


T, 


33.30 


62. 23 


32.22 


32.9/ 


6., 73 


/2- '2- 


zVe 


Tx 


32-90 


32, 97 _ 


32 95 


3.8,9+ 


7 


\ 

9. ao 


vv 


A 73.X 


T. 


33 ■ oo 


3j3o 


3/ -80 


3) ■ 9o 


/*.r? 


/J.J-f 


27 ? 




3*?o_ 


38?o 


38.87 


39.8? 


Jp' 


V. OO 


3.6 


7. ¥j4 


T, 


.3/- SZ>_ 


3j,4o 


31-35 


3 A Vs 


7.38 


AQyo 


/X-^L 


T x 


32- 75 


38-70 


37.65 


38 70 




/ 


cj.O 


/_• CQ_ 


T, 


2c $3 1 


3c. 73 


30,70 


3a, 72. 


7. 63 


s 

^ 


73, 74 


Tx 


rff-V/? 


3f.+o 


3f -Vo 


38. Vo 










T, 












7 


\r 4 ' 


T a 












• 






T, 
















Tx 


















T. 
















Tx 











- appendix r. 

TEST DATA SHEET NUMBER £ 

DATE /g-3'7- *T9 

Tangent tube model au cn£ rurnfps 

ORIFICE C&) , FURNACE DEPTH, 2.114” FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE 6<j.fT “F ( M . 6 °F fro. 2. 

DRY BULB TEMPERATURE °p ’ 6ir. 7 <r ’ fe7 . »F 

BAROMETER "Hg , a?.»" "Hr. ; 

REAR WALL STEAM PRESSURE /_ ” Ht GAGE , SPF0 uim &K-" grains 

Ib.LRY AIR 



RUN 

NO. 


ah f 

" H a O 


ah b 

"W t 0 


VSh, 


TEMPERATURE °C 


’AT 


AT 

°F 


AT^lH 


trial 


- 1 


2. 


3 


AVG. 


°C 


/ 


LZlQQ 


VS'.OO 


3. feos" 


T, 


-3£,fP 


36>- 3c? 


3^.5..F 


3^. AX- 


7.0/ 




,4^ <" 


V 


*3.10 


_ <3 Oo 


-/5>.3 0 


^3 , -X3 


a 


.fo.ro 


P^.oo 


3.PV 


T, 


33. 7F 


33. Std 


33 'YD 


33ir^ 


7. 3s"^ 


/3 W 


A 1 ^ 


T* 


J//.00 


<*0.^0 


c^O.S'O 


>¥0.90 


.3 . 




jg:? 


<?.?o 


T , 


33-10 


3>3 3S~ 


33 3^ 


33.39 


7. 6V" 


/3 ? jK 


t2Q. <* 


T„ 


■YO.YS" 


>Y/.oo 


7¥/.On 




-4 


G-3S' 


/ST3l 




T, 


33^ 


33-Yo 


33 5“) 


33W 


7. 


J c" 


Aj^qL 

3r ^ 




*f(. 30 






H(. 3S''' 


s~ 


»y,33 


(0.3 


q.cs'" 


* T, 


23- gp 


33.63" 




73.S-0 


S.O^ 




^9 jr" 


T, 


>y/.?r 


'YAJ'F - 




Y/.JrY 


Q 


P-oo 






T, 


23. yo 




^,rtO 


31.^0 


-. a > y / — 

<b O 


/5*. 


fie A-fl 

j/ a 




Yp-YO 


•te-s^o 


•VXfon 




? 


/ Oo 


<^•0 0 


/Oo 


T, 


33.9o 


3 3-5-6- 


33*0 


33 .fiT' 


9.03 




tf**u 7 

/L7Y 


t* 


•YP-8F 


^.90 


AU.SS- 










r 


T, 
















Tc 


















T. 
















T* 




• 














T, 
















T, 


















T, 
















T* 


















T, 


















T fc 











APPENDIX C. 

TEST DATA SHEET NUMBER 
DATE lt2±i£l 

TANGENT TUBE MODEL UJiYL BURNERS 

% 

/'P- - ORIFICE (S'), ^ " FURNALF DEPTH, £.114“ FLOW METER 

AMBIENT CONDITIONS 

• START FINISH AVERAGE 

WET BULB TEMPERATURE ' .T-V.o *F ( . 77-0 °F ( 'fV'.oo T 

DRY BULB TEMPERATURE &A- J~ T , °F , ^7Y °F 

BAROMETER 3o.xA ‘‘Ua 

REAR WALL STEAM PRESSURE " U* GAGE . SPEC. HUM. V5~ grains — 

lb. DRV A\R 



RUN 

NO. 


AH, 
M H a 0 


AH„ 

"H t 0 


J^ r 


TEMPERATURE °C 


AT 

°C 


AT 

°F 


atVoh 


trial 


1 


2 . 


3 


AVG. 

. \ — 


/ 


73,20 . 


A?-S 


riM 


T, 


00 


3ao>so 


la./o 


3 a -os 


7 /^- 


/3.X2 


a&a 


T 


39. /o _ 


3 9.av 


3?.ou> 


39 . / 7 


2 


t/.o 


A3.tr 


3.3 a. 


T, 


33- OS' 


32.. 30 


32.. V 0 


ja.as 


7. A3 


73.38' 


A A. A 


T„ 


39. S~o 


39. 70 


39.9-3- 


37. <tZ 


3 


*-9o 


/x.s 


3 . 9xs 


T, 


3a. 70 


32.90 


33. '5 


3a. 9a 


?. At 


73, A 9 


Ad As- 


T„ 


Ao.ao 


Ao.Ao 


Ao. 7 oO 


7o.Ao 


// 


/o • 3 d 


/.T.2 


07 


T, 


33-20 


33 .A 0 


3 3. As 


33. 3s 


*2. ^ 


73,9 A 


3A- 6 




A 0 A 0 


77.00 


A 0./0 


A/ oo 




3. oo 


n. Q 


/■73a 


T. 


33.00 


?>3.00 


33 . 70 


33 03 


A: /S 


/A6>J 


as. Ys 


T, 


y/./<? 


A/. 'a- 


3). So 


3h tS 


4? 


/. tro 


4 # 0 


L2JLS. 


T. 


33-00 


3.3 . 00 


33 OS' 


33.oa- 


3 An 


za~. 73 


/r.SY 


T* 


V/ Vo 


V/. Ao 


A/. As 


A/.Aa 










T, 
















T* 






' 












T, 


































T, 
















T„ 


















T, 
















T a 


y 
















T, 
















T* 


















T, 
















T fc 











- “70 - 



APPENDIX 

TEST DATA SHEET NUMBER _Z 

DATE 10- Xi. S’) 

TANGENT TUBE MODEL l±Lmt BURNERS 

/-X ORlFICEfS^ /o " EURNArr DEPTH, £.U4' FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE \hLk T , °F , £AOS>' °F 

DRY BULB TEMPERATURE T , 6?. 3 °F , &L Q. . °F 

BAROMETER il "He. , ASL ±j£ - ’’Ha. 

REAR WALL STEAM-TRESSURE L " Uc. GAGE . SPEC. HUM Z2= 98* ii £ — 

lb DRV AIR 



RUN 


AH, 


AH 




TEMPERATURE c 


*C 


AT 


AT 


at>/ah 


NO. 


“ H a O 


"W t 0 


TRIAL 


1 


2. 


3 


AVG. 


°C 


°F 










T, 


SS\re> 


3r.*-r 


^r.vo 


Ts’.s-c. 








/ 


/3-Vo 




3. fc>& 


T,. 


-VX.Oo 


<^A.O<5 


H9.00 


^a.oo 




II. Oi> 












t; 


3ST.X? 


3S\/2- 




?r; ra- 








2- 


U.bo 


>r.o 




T x 


<4(00 




=Y/-'VS' 


•yj.sv- 


£•*0 


//• 3~X 


39.3 










T , 


yr>r?. 




37 oo 


MiH - 








3 


10. >0 


37, fe 


3.(9<r 


T x 




<Y/.3o 


-Y/. -Vo 


KV/. 7.T 


£--±<a_ 


//.6 a- 


37/ 










T. 


3^1 OS' 


3r:c»o 


3^,<2Q_ 


3^>- 












/Jr.9 


« i 


T fc 


<PO 


of-r.ss - 


-t7L ty; 




£jr£— 


//ifcf 


3-V. O' 










T. 




3*.? S' 


3S'loo 


X 

3^.9s" 








<r 


6.3S' 


/qrx 




T x 


fc>a- 


sfl.bo 


^ . G 


*¥/. 6 2- 


G. £>~? 


lx. oo 


3o.x 










T. 


3Y,9o 


3S'.(0 


3S\*0 


3S~.oV. 








£ 




10.2- 


^.07 




‘Y/'.Yo 


'■W.r'y 


HV.Vo 


’tfi-fcT' 


6- ??r 


/^>o 












T. 


3V.9o 


3//.<*ST_ 


^y. 9 .t 


3A9 3 








7 


p.O o 




L«(H 


T * , 


O 

0 

J 


rfX OQ._ 


' 


dtLSkl 


7 os' 


4>.?0 


/?. 










T, , 


.3-7.60 


3sf.S~a 


3V.30 


3W1 








r 


I(Oq 


o 


/. oo 


T - 


-f/. 2iT 


*4t.9n 


^i.rd 




7 / Y/ 


13.3 b 


./3-7A- 










T, 












% 




• 








T x 






















♦ 


T, 






















4 


T* 
























T, 




























^ ’ 




















T. 









































APPENDIX r. 

TEST DATA SHEET NUMBER / 

DATE //z2=£l - VC9L 

tangent tube model .6oj-W burners 

ORtElCEO), _/3 1.FURNACE DEPTH, 2.U4” FLOW METER 

, AMBIENT CONDITIONS 

SXART FINISH AVERAGE 

WET BULB TEMPERATURE J'V.Q "F V9 S' “F S~Vas°\r 

DRY BULB TEMPERATURE & .*o T ’ CV, «p ’ ^y, 9 o p 
BAROMETER 3A^‘'Ha 30 . 0.4 "Hr. ; "H-- 

REAR WALL STEAM PRESSURE. — Z "He GA6E ,. SPEC. HUM 39&. grains 

lb DRY AIR 



RUN 

NO. 


AH, 
M H a 0 


AH b 

"HlO 




TEMPERATURE °C 


AT 


AT 

°F 


atV5h f 


trial 


- 1 


z. 


3 


AVG. 


°C 


-/ 


j^T./O 


So. o 


-IM- 


T, 


39fS 


■ 3s~oo 


39 <?o 


9V. 9s 




/f^) <*> ) 


20 -r' 


T* 




Vo. 6 s 


Vo. 6o 


Vn.6,^ 


> S' £ *7 


-& 




.26-0 


.ZJl£L 


T, 


34 


-37.3' f 7 


39 Vs 


SV.S’V 


.993 


/O 9 


- .Orf. / 

37 Q 


T* 


TXuSXl 


To.S'o 


6b. 4 /y 


v/O. V7 





/HcVVL 


3/. 


Z.V3 


T. 


.3$m> 


39. /s 


39./? 


3V. /S 


/ . /4* 


. v *<» l*? / 
// /O <■ 


.39/- Y 


T* 


3VD,3S 


V 0.30 


Vo. 3d 


Vo. *3p 2- 


9£ 




^2L2L_ 


JLVZtL 


T, 


33- Vo 


. 33.Vr. 


-33. Vs 


33 .3 


. L* ’ l 

6.33 


- y/.« .w< 

// D D, 


sJsP-l/ 

?r 


TV. 


39, £- 0 


37.6,0 


39.6s 


39. ss 


7 


6- Vo 


/V.Vo 


AsV? 


T. 


39.00 


.34 /n 


.34. do 




DA. 


7^-flwgY. 

//.n /? 


■W/' sVssJ. 

97- V 


T* 


Vo.o,9 


9o. rU> 


4a .J2o 


Vo.9S 


6 


7.oo 




7Lo_ 


T. 


33. &g, 


33.3o 


33. Vo 


33.37 


6 9? 


//. 


7 

£3 'll 




Jf.Po 


39. fs- 


39. 90 


39. Ps- 


7 


3^20 


JO. 3 


jv/9 


T, 




32JLo 


33.90 


33.33 


6 ,£T7 


\ / / 

// j?yt> 


9*1 • -3c Q 


T* 


Vo 


Vo. -2s 


Vo Vs 


Vo. 4b 










T, 










— A 


// ./S 


V- 


T a 








\ 










T, 
















TV 
















- 


T, 
















T a 


















T, 


















T* 


















T. 


















T „ 
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* 




APPENDIX C 

TEST DATA SHEET NUMBER ?T 
DATE /P-GO-T? 

TANGENT TUBE MODEL ^Jrn± BURNERS 

ORIFICE f S') A/ !_FURNACE DEPTH, 2.U4" FLOW METER 

AMBIENT CONDITIONS 



START FINISH AVERAGE 



WET BULB TEMPERATURE 


S2J- 


T , £.7iC 


> 


F73 T 




DRY 0OLB TEMPERATURE 


CaiuSL 


°t , t/.r 


T , 


iro °f 




BAROMETER 


?o.4%- 


"Ho, 30- S' 0 


’*«• , 


30. "Ha 




REAR WALL STEAM PRESSURE / . 


“ Hs GAGE „ 


SPEC. 


HUM. ■S~3 


GRAINS 



lb DRY AIR 



RUN 

NO. 


AH, 
M H a O 


I* -t 

O m 


JEh p 


TEMPERATURE °C 


AT 

°C 


AT 

°F 


ATn/aH, 


TRIAL 


1 


z 


3 


AVG. 


/ 


/3.10 


IST.'rO 


3.6'*- 


T, 




3^.c?o 


3S\?0 


3^66 


4. fr9 


S'.?? 


3/. If' 


Ta. 


WO, 53" 


40-SO 


WP-OS” 


WO. S3 


7- .. 


/(0.7< 


04. oo 


3-7ST 


T, 


3^.40 


24. HO 


3*.*0 


34,40 


^Oo 


9. oo ( 


09. S3' 


T x 


19.40 


39.40 


3Q.4o 


39,40 




xsr 


/r 


7-9 X'f 


T , 


34.60 


34-Go 




3*. to 


‘o./O 


9. or 


OCt-1 


T fc 


29,10 


29. 7o 


3<*.70 


3 7o 


.«£ 


&Ao 


/(ff.OO 




T, 


34, (r o 


34. Go 


34.70 


3^.63 


6"^ 


9. Ho 


7 3 to 


T* 


3?.gro 


39. 2Tb' 


29.90 


GYri" 


tT 


A 2o 


(O.^o 


2. 073" 


T. 




3H>nr 


34. KO 


34L«. 




Q.go 


19.90 


T* 


^0.00 


40.(0 


*40.(0 


WO. 0 7 


_£ . 


J.oo 


6.oo 


/.X'Af 


T, 


3*, !rsr 


3>/,kO 




3Y,(bo 


ElLei 


/<?■ 09 


14. xr 


T* 


Wo.po 




cHO.i-Q 


40, iO 


7 


/. oo 


4,oo 


/.oo 


T, 


24, HT 


34,(0 


TWAO 


24. /2_ 


6~,9x- 


lO.bb 


(0.0,6 




4o.or 


4o. or 


40,00 


40. o4 










T, 


































T, 
















T* 


















T, 
















T a 


















T, 


































T, 
















T fc 











APPENP'X C 

TEST DATA SHEET NUMBER Zbjj • 

□ATE 

TANGENT TUBE MODEL UX-LL. BURNERS 

/-A " ORiFlCEO) , „/4 " FURNACE DEPTH, 2.1 14" FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE TV jr T > SS-l, °F ) °F 

DRY BULB TEMPERATURE < *V. V °F k °F , ^f-T °F 

BAROMETER AV »Mn. , "Hr. , "Ha.' 

REAR WALL STEAM PRESSURE _Y " No. GAGE , SPEC. HUM. M_L drains — 

lb DRV AIR 



RUN 

NO. 


AH F 
11 H a O 


ah b 

"**0 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


otVah, 


trial 


.1 


z. 


3 


AVG. 


... 


yy* 


3o-S 


.TW 


T, 


Jy. Ls 


J_ 

3 9 SI 


39.53 


3.4-17 


4.64 


4- 44 


32. 4- 


T* 


34,30. 


3910. 


.39 AT. 


* f 

3Q ^(o 


A 


/I so 


A 7.o 


3 , 3-4 


T, 


34 3 S' 


34. 3n 


34 I/O 


34-1? 




4. 73 


3o-9 


T x 


39-lc 


39-10 


2 9- 'O 


.29. /3 


3 


/oMo 


720 


Z.23 


T ( 


34- /o 


34. Of 


34. co 


J 4 /, o£> 


MM3 


4-20 


AS 4 


T, 


3f. oo 


32.<?3- 


33.9o 


3? 4s 


4 


9- Zc 


/?M 


3-22 


T, 


34/0 


M4.ZC 


34Mo 


3437 


MlJL 


9 

J ZL . 


AS 3 


TV. 


$>9 Oo 


3?. K? 


Rg.is 


/ 

34zsl 




C To 


/W 


V?. 49 


T. 


j44o 


24 Ms- 


34 S7 


34M 7 


M- 9/ 


t.fs 


S4^o 


T, 


39- 3S 


393?. 


2>9- Vm 


39-3? 


6 


Moo 


/<?.y 


1.00 


T. 


3 4 so 


3M sz> 


34. so 


*4. so 


,S~ o<? 


<?.oo 


/f. 00 


T* 


39. SD. 


39 -Mo 






9 


£-oo 




/M/4 


T, 


3 4M s 


344s 


34 . 5 -? 


4*49 


S~./3 




/J, 06 


T» 


39.60 


39.6o 


39- 6s 


3?. 61 










T, 
















T . 


















T, 


































T, 
















T* 








% 










T. 
















T* 








• 










T, 
















T, 











-RA ~ 



APPENDIX C 

TEST DATA SHEET NUMBER <7 
DATE /Q-ln-.r9 

TANG.ENT TUBE MODEL hinU BURNERS 

-Ai . E " OR(FlCEO) , _ZT_!L FURNACE DEPTH, £.114" FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE SSLE_ , T-V. o °F , -P±L£_°F 

DRY 0ULB TEMPERATURE bH.k- °F , (,H. o °F , A^-y °F 

BAROMETER 30 . ?oAA "Hr. , 30 . '‘Hr. 

REAR WALL STEAM PRESSURE L— ” Pc. GAGE SPEC HUM GRAINS 

lb DRY AIR 



RUN 


AH, 


AH. 


vs*. 


TEMPERATURE ' 


s c 


AT 


AT 


AT^AH 


NO. 


" H a O 


“M*0 


TRIAL 


1 


2. 


3 


AVG. 


°C 


°F 










T, 


.35XK" 


, 

JS'.&S' 


3 TPS' 


35:^3 








/ 


M.3< 


?o- 


3P7 


T=, 


37. 3o 


39.-VC ? 


S7 5-0 


37- A 0 


3, 7? 


A 79 


^.-7 










T. 


,25'. 12. 


3*Y.7V~ 


*3S~.0o 


3 b'oi- 










/l. TO 


TM - " 


3.T-Y 


T % 


39. fo 


3y?s- 


Try s - 


37 . a / 


3.77 


7./ST 


X'o.H 










T t 


3T.0-0 


3T30 


3^.3S~ 


3s:>r" 








3 


C0.«4o 


73. 0 


3A3 


T fc 


3J.±€> 


3730 


37.70. 


39^7_ 


37 ? 


z/r 


73. A- 










T, 


3s-,>k'_ 


3T.25T 


357?-^ 


3b'.?Jo 










8-.$-o 


IS’.'T 


2 Ya- 


T. 


37 30 


37.3 6 


3? 2- V 


37.7-^ 


4.0 i- 


2 A* 


Jt/, / 










T. 


3T To 


3T/6 - 


3T/3- 


3S: < b 








5" 


G-XO 




2A7 


T* 


34- 3o 


3Y.J-S" 


37*0 




*,oy 




rtT33 










r 

T, 


ib~-30 


3<T^O 




?T, 37 








6 


<4,00 


io. o 


2.(5 0 


*T fc 


37. *0 ' 


39,ST> 


37. T3 - 


ay. vr 


-4.07 


73 0 


mi*- 






4 




T, 


3^ 35” 


35:3 "3 


3S\3*3 


3T3-3 








? 


;,oo 


6.0 




T a 


37. OS' 


37. S3 


TiSLfeo 


37 f7 




7.(^3 


19.-.Y . ... 










T, 
















































T. 
























T* 
























T, 
























T* 
























T, 


* 






















T* 
























T, 
























T fc 






% 











-PS - 



appendix r, 

TEST DATA SHEET NUMBER <?-A 
DATE llrrt- Si 

Tangent tube model U); LL burners 

Ll2=-!L ORIFICE (S) ^ /J_ FURNAfF DEPTH } £.114" FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE 56.3 °F ( 57.3 °F ( .FA/ °F 

DRY BULB TEMPERATURE 6,4. 5 °F , 69 . s’ °V , °F 

BAROMETER 30-/3 “t-L. ; 3/0. /3 n H^ , ,3a . /3 " He. 

REAR WALL STEAM PRESSURE / " Ur. GAGF SPEC HUM -T-4L GgAiKg 

lb DRV AIR 



RUN 

NO. 


SH P 
" H x 0 


ah 8 

"McO 


JEh, 


TEMPERATURE °C 


AT 

°C 


AT 
°F * 


AT V5h 


TRIAL 


1 


z. 


3 


AVG. 


/ 


//. r 




1.42 


T, 


3 2 So 


32- 75 


32. fo 


32 ■ -78 




7 34 


315- / 


T* 


2l!p.9o . 


.36,. S3 


36.86 


3i>. 8 


_ ^2 


/D .3 




3 . 2 ) 


T, 


23. V7 


32 ,4c 


323S 


3.0.4! 


4. /9 


7.34 


2 4 . 2 - 


T x 


5^. ^ s’ 


36.6,0 


36. 55- 


^3/L. 6 o 




?-4r 


/f-s- 


1-9 <. 


T. 


lo.eo 


.32.88 \ 


3300 


33:89 


-4.2/ 


2 - S' q_ 


22.-5. 


T x 


^'PfOO 


ho./Q 


. 37,24. 


337,/ O 


y 


(o * 


//r j 


3.49 


T, 


3 2.7C 


32. ( 6 s 


32. Po 


32.6* 


4- 4o 


< 

.1212 


/?■ 7 




3i, /o. 


37 os 


37. /o 


.37,08 


. -r- 


4. oo 




3. Oo 


T. 


33. To 


33. 3o 


33-47. 


33.3c 


4.32 


_ 7. ■?/ 


35151 


T x 


37 sS 


30 . 6,0 


37 70 


37.6,2 


/o 


£ . 00 


-T. Y 


/. 4/4 


T. 


32 ?o 


32. 


30 .?2~ 


3Uj. 




8'_Yd?__ 




T x 


30.4s 


32 y's 


37-4S 


37. 4 S 


7 


/' OO 


tf.DO 


/. on 


T, 


32 .SO 


32.80 


32.78 


32.79 


-_4AS 


r JL& 2_ 




T» 


3? -4s 


3 7^/sr 


SzSs 


37.3s 










T, 
















K 


















T, 


































T, 


































T, 


































T, 
















T t 











APPENDIX C 

TEST DATA SHEET NUMBER /O 
DATE //- Art-*?? 

TANGENT TUBE MODEL H7rm BURNERS 

/-a/ ORIFICE (s) t Al " FURNACE DEPTH > £.114*' PLOW METER 
AMBIENT CONDITIONS 



START FINISH AVERAGE 



WET BULB TEMPERATURE 


6--Y.O 


°F 


STbO 


^ , 


50. O 


°F 




DRV BULB TEMPERATURE 


M.o 




<2^0. 


T , 


fc"/. O 


°F 




BAROMETER 




u Ha ; 


22_2>L 


"Ho , 


2Q-.1+L 






REAR WALL STEAM PRESSURE. 


. L _ 


" U<J GAGE . 


SPEC. 


HUM. 




grains 



lb DRV AIR 



RUN 


AH p 


AH. 




TEMPERATURE ' 


5 C 


AT 


AT 


AT^AH 


NO. 


11 H a 0 


"w«P 


TRIAL 


1 


2. 


3 


AVG. 


°C 


°F 










T, 


?S.lo 


3-rTP 


3 6. .oD 


3^7 








/ 


/5TO0 


3 /.o 


3.2r?r 


’T* 


?8- fos" 


i8-.tr 


3R-. 7 V 


3fc\G>7 


7.7o 




lK.X"5 










T, 


3F.80 


■JPSS" 


3P/&" 


7iT7A 




r 






/A3<? 






Ta. 


3S-30 


381. 


3^(o_ 


_3r, 77 


^.r7 


S'. K> 


IK. to 










T , 


._3.C-'0 


3CfO 




3E1D 








3 


/o.s-o 


>1.0 


7>V 


T, 


3Sr.OO 


Ilf oo 


oroo 


38100 


7 •‘to 




t^-'ro 










T, 


L 

1 <f . ( O 


3P/F 




3STi7 










6:30 


IK. o 


za-r 


t*. 


77 7S" 


77- 7P 


3r.co 


3P.‘r> 


7?ro 


S'.c/f 


ay, a . 










T. 


3b~ao 


3VUP 




351 AA 








5" 






ZA? 


T, 


3Sr.oo 


3T.00 


3^0© 


7gr. oo 


Ztf 


'H. c n 


/>•// _ 










T, 


3S^fiT 




3S>0 


iP.'T 








& 


4.tO 


4 G 


2.0?<T. 


T fc 


77^2- 


77.^0 


37*7 0 


77.0/; 


7 73 


Siftl 


^v" 










T, 


3W“*0 


'1'H.XST 


ItH.iro 


J&.frtT. 








7 




6,0 




T» 


37 7o 


3 7. fcP 


1\(.0 




7-fro 


o~oV 


7/3 










T, 
























T b 








* 
















T, 
























T fc 








- 
















T, 
























T a 
























T, 
























T* 
























T, 
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APPENDIX C, 

TEST DATA SHEET NUMBER /O- 4 
DATE /?- S'? . 

TANGENT TUBE MODEL COlAA^. BURNERS 

Z" 3 - 7 ' ORlFICEfsV ' ?-/ " FURNACE DEPTH, £.114* FLOW METER 

* 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE S'? 3 “F ( 3~7 . 7 °F , 

DRV BULB TEMPERATURE *2, S' °F , ^ 7-7 °F , ^7.^ °F 

BAROMETER 3 *-/3 “IL ^ 0./ 3 "He; , .36,/? "Ha 

REAR WALL STEAM PRESSURE L " Uc. GAGE , SPEC. HUM. — 

lfc> DRV AIR 



RUN 

NO. 


" H a 0 


ah 8 

"W«,0 


V^H, 


TEMPERATURE °C 


AT 

°C 


AT 

°F 


at^/Sh 


TRIAL 


1 


Z. 


3 


AVG. 


j 


'2&S 


..26 -.o. 


JsSt 


T, 


34sb 


34- &o 


34 8*7 


34.S9 


<2 • / 


4.s/ 


/£./ 


Tx 


37.00 


37 . /o 


/ 

39.2.0 


39. / o 


2 


/o -4s 


0 


3.2.3 


T. 


3*1. toQ 


3*1 l .(aQ 


34. 70 




2.60 




/5*. / 


T* 


372< 


37.2<> 


39.3S 


37-23 


3 


X.SS 


/?.<? 


a -9a 


T, 


34.9 s 


'3iT,rto 


34. Oo 


34-37 


0 s? 


■4. <7S 


m 

73.6 


T fc 


3 7. 5Z> 


37. S3 


37. (oO 


«37 SS 


V 


/j.,0S 


/5*. 0 


2.44 


T. 


34. 9 s 


34.Q0 


34 do 


34 S? 


<2- 4j> s~ 


426 


v/.y _ 




2>7SS 


37. so 


39. so 


37^S± 


t 

dr 


4.oo 




S.oa 


T, 


3 4. do 


3d. S’o 


34 -8 Cl 


3</.2n 


3. 


4. OF 


7.3d 


T* 


37. do 


37 .4o 


37. da 


39. 4o 


6 


«?• oo 


<2.3- 


/.M 


T 


3 d./ 3 


3 <4. ox 


84. 3 S 


34.23 


2.9& 


7/. <// 


6 -fs- 


T fc { 


3d.?o 


3L. 98 


37 . o-o 


3dM 


t 


/ o>o 


4. 


/. <TO 


T 


34. 2< 


3 d.xs 


34.7-0 


3423 


S-?4 


4. 93 . 


4 93 


T. 


3 7.00 


37. (To 


3L. 9o 


3/. . 










T, 


































T. 
















T*, 


















T, 














>- 


T* 


















T, 
















T, 


















T. 




- 










• 


T* 











APPENDIX C 

TEST DATA SHEET NUMBER. f0-t3 
DATE ..s/o/fco 

TANGENT TUBE MODEL Uj rr(4 BURNERS 

( 

till ORIFICE (S) */ FURNACF DEPTH . 2.H4" FLOW METER 

' ' ' > 

I 

• ♦ AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE TWO tt F ( £U_ ° F > **F 

DRY BULB TEMPERATURE *3- o T , 6 S~.x, °E , 63. G °F 

BAROMETER ''Ms, ^ -?p.qA i 'h s , -3 a o x . “ He. 

REAR WALL STEAM PRESSURE / " Uc. GAGE SPEC. HUM. dtl 

. lb DRY AIR 



RUN 


AH f 


AH 




TEMPERATURE 1 


3 C 


AT 


AT 


AT^ 


NO. 


“ H a 0 


M W*0 


trial 


1 


z 


3 


AVG. 


°C 


°F 










T, 


ic'i'T 


3/.ob~ 


3 AP-o 


31.03 


A,. 3^ 


W- 3 0 




/ 


ix.r 


;9.o 


..isriT. 


T*. 


33.3^ 


33 -Hro 


33. 60 


33. -H a 


/5-.V 




9 






T, 


3/. 03 


3 b or 


3b JO 


3/-07 


;t. feG 






0- 


(0.3 


^ 4 

/%/■ 




T x 


33. 7o 


33 . >0 


31. 7 r 


33-73 




inr 










T , 


3t.Gr 


3ur 


3j.rr 


3/.7D 








3 




n. (0 


3-^0 


T x 


3*t.ir 


3W-3o 


3 /iHo 


3Y.3A 


W. 63 


>3*0 




\ 






T, 


3/.ro 


11.90 


3b 9r 


3i.tr 








* * 


3 


13.0 






3W.So 


Zrf-FT 


3*. Go 


3*. 55" 


^•s-/ 


1X.01 










T. 


3x-(o 


3^./b~ 


3i > 0 


3x. /s'" 


2 -P 3 








^ A 


9 . 0 


7.°< 


T x 


3-y-»r 


yi .30 


Zrt.'to 


5W.fr- 


W.<r/ 


!o. j 










*T, 


3x.tr 


3l.lo 


32-ir- 


3^. f3 


a- ?sr 






& 


3.Q 


Co. 


/. ?3A 


T x 


yi.«o 


3* .9o 


-yi.93 


3W.9/ 


{Too 


fc-fo? 










T, 


32-10 


3^/0 


?>-(T 


30-/2- 


%-9o 






7 


a.c? 




/.W/Y 


T, 


1 T.erO 


3b“*.O0 


35T.OP 


3ST02- 


STax 


2 3}" 










T, 


3^.0^ 




31.0S- 


3^-Ofe 


3.0) 






r 


t. 0 


4 

a- 0 


A 00 


T. 


is or 


3<T. 10 


ir or 


3TT.o> 


^>/2_ 












T, 
























T x 
























T, 
























T a 
























T, • 
















































T, 









































APPENDIX C 

TEST DATA SHEET NUMBER // 

DATE //- £ - S' <? 

TANGENT TUBE MODEL U)i<rLo»-t BURNERS 

3-A" ORIFICE (S') , ^ " FURNAfF DEPTH, 2.U4” FLOW METER 

AMBIENT CONDITIONS 

START FINISH average 

. ’“v * 

WET BULB TEMPERATURE Of. 6 °F > 7 o-3- °F > -/<? T 

DRV BULB TEMPERATURE 7j.y T , ?J£\ o T , - 74. .?-5~ 0 F 

BAROMETER • ^£L^_ u Wa , 3 o.Q 4 "Ha , -3oa£ 

REAR WALL STEAM PRESSURE _/ "w 4 GAGE , SPEC. HUM grains — 

lb DRV AIR 



RUN 

NO. 


AH, 
" H a 0 


ah b 

“M*0 


JE^ r 


TEMPERATURE °C 


AT 

°C 


AT 

°F 


ATv^H 


trial 


1 


z. 


3 


AVG. 


/ 


34.4s 


L. 3o 


4.94s 


T, 


_3T-PJ 


37. OP 


3,9-ao 




4.2/ 


• 

2.66 


42. 8 


T* 


4 ?- 6 s 


43. 74 


4340 


43.73 


<2 


J2*0.b3f 


S. 


V.ssr 


T, 


3r-,?s 




3T.6S 




4 -<7 A 


7.3 P 


4o.4 


T* 


4%. 70 


4*3 .60 


4?.<s> 


43. s<. 


3 


/C./D 


y. (Po 


4o/ 


T , 


3<f. so 


33. S 7 


34- so > 


3 (.sol. 


4.4s- 


4.23' 


3S.oo 


T* 




43- 4o 


43.4-0 


43.37 


i 


/D.so 


V. AO 


3.s4 


T, 


3 (.55 


39,4s 


374(7 


3 3:40 


4 . 4 s.. 


2.96 


3 A 7o 


T fc 


43-3S 


4 . 3.40 


4344c 


43432 


tr 


9 .. os' 


4.00 


X?9 


T, 


32.3s, 


3r, 30 


37.30 


32.3 A 


SJt 


9. 4o ■ 


3A4c> 


T, 


43.4s 


4- i.4o 


43.43 


43.43 


6> 


j/.ps" 


J3. 7 o 


3. 06 


T, 


m 

33,03 


37.06 


At jo 


3(4 6 


4.4/ 


?-7.< 


^OJ 




4343 


43. 4? 


43. so 


45.4-, 


7 


/. os 


p.ss 


/. 0O 


T, 


3?.sS 


PO.</3 


39-34 


V 

39 . is 


S.P4 


4 0.60 


/O.fp 


T, 


43 4o 


43.3s 


■43.22 


43.34 


r 








T, 










/ 






T . 


















T, 
















T. 


















T, 
















T a 






. 


* 










T, 
















T* 


















T. 
















T* 











-©O - 



APPEND'X C 

TEST DATA SHEET NUMBER //-A 
DATE //-fr-ET 

TANGENT TUBE MODEL At JcmOVT BURNERS 

3- A ORIFICE (S'). t, " FURNACE DEPTH, 2.114” FLOW METER 
AMBIENT CONDITIONS 



START FINISH AVERAGE 



WET BULB TEMPERATURE 


5212_ 


°F 

» 


S-l*-'*' 


> 


■S-7.X °F 


DRY BULB TEMPERATURE 




• °p , 




T , 


o °F 


BAROMETER 


30.30 


"Mo. 70.30 


"H & , 


30-3 0 "He. 


REAR WALL STEAM PRESSURE. 


_z_ 


"h 4 gage . 


SPEC. 


HV)M. T9" GAAinj 



lb DRY AIR 



RUN 


AH f 


AH 




TEMPERATURE 1 


3 C 


AT 


AT 


atVah 


NO. 


11 H a O 


"M t 0 


trial 


1 


2. 


3 


AVG. 


°C 


°F 










T, 


3 A TO 


3A6>r 


3-X. 7 S' 


?7L.7t? 








/ 


J23.S7T 


^ r 


w.r£ 


T* 


?S-.fO 


TY.or 


38r./S“ 


ytr.to 


rwo 


9. ?A 












T, 




35. *0. 


3a ur 


31 . 1-0 








2 


/Y.fcr 


H'.S'T 


WY? 


T x 


3*7. 


37.S-0 


?7. XO 


37,/rO 


Cbo 


/O. ('O 


wr.r 










T 

1 


3X5o 


3-T 




3 5-xx. 








3 


/b 


•2. WO 


w. os' 




37-Ao 


37. ?o 


37.9o 


77. 9(7 


r.fosr 


/0. 12_ 


*).y 










T, 


JA?o 




3A17 


75 -2*7 








•i 


/3.x 


^oo 


?T?r 


T x 


9S--or 


?8r.or 


Jr- or 


2S-.01T 


Dr 


to. HI 


37 8-r 










T, 


33- 3o 


3A-1o 


3l.io* 


3i.i? 








r 


/0.O 


3. 7 0 


3./G 


T x 


35r.>o 


3«r.fS“ 


3tr- (S' 


94- (Jr 




/o. 7 2 . 


73-9 










T t 


3llO 


75. 


3* >0 


31.^0 








6 


£ • 5f ^ 


,7-2o _ 


A 6 a 


T x 


3&30 


3r-7o 


.1ST. ?o 


3r-3o 


6-fo 


/o. 99 












T, 


iALT 


31. nr 


32.50 


3i.tir 








7 


-4* /ST 




xosfi 


T, 


3&Ho 


3 Sr wo 


3 IT AS - 


3TW3 


6-Av - ' 


//.i? 


5-3, c7 










T, 


3X.oo 


?AO 


*3*./0 


u.o<; 








r 


2-0 0 


<50 




T c 


1S--WE 


?8-.ST> 


?&-.ro 


38 r.wsr 


<o.HX- 


U'TY 


/fe.-y 










T. 
















































T, 
























t 2 
























T, 
























T* 
























T, 









































^ APPENDIX C 

TEST DATA SHEET NUMBER /7 
DATE /J-6 - ■*"? 

TANGENT TUBE MODEL U)\-hhau4r BURNERS 

BjZ2*V ORIFICE (s) ] /O JL FURNACE DEPTH } 2.1 IA" FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE 70 . 2 - T , <££_£ °F > 6l£JL °F 

DRY BULB TEMPERATURE T , 7MS~ °F , 7*4 ZY~ °F 

BAROMETER >3tLM “Ha / .3o-06 "Ha , 3 q.^ "Ha 

REAR WALL STEAM PRESSURE j " l-H GAGF SPEC. HUM._/£>/ grains — 

tb DRV AtR 



RUN 

NO. 


AH, 
" H a O 


ah b 

"W.O 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


6tVqh 


trial 


I 


z. 


3 


AVG. 


/ 


X^.(,0 


<£,3 


1. 9/, 


T, 


(*s 


39 . Vo 


3 9ms- 


3<). Mo 


6- 7V 


/. 80 


33-00 


Ta. 


V3.3F 


M.3.00 


V3,oO 


• 5 l 3.lV 


> 


90 AS 




H. si 


T, 


30. OZ 


.•iP./oO 


38 sn 


38.6* 


5 99 




31.30 


T* 


*02 ■ 70 


V 2 . 


Ml. Sr 


Mx.Ls. 


? 




4T, O 


n(p 


T , 


%g.4o 


38 -Vo 


39.3S 


38-38 


tf.iO 


f 

. 7.32 


lt-0 


T* 


42.%) , 


M2 So 


Vx-Vs 


Vx.48 




/J2. gr<p 


V'O 


3.sv 


T, 


Mbs. 


3K.L2 




38-62 


M.18 


7.3 fJr 


4 C. 0 


T t 


Hi- 7° 


V 2- 70 


4b. IP 


Vx.jpo 


<r 




3. 7 


1.89 


T. 


3% MS. 


38.18 


38: AS 


3t,«f 


V-26L 


7.6,0 


72,o. 


T* 


M 2 .V 0 


Ml. Vo 


M2 V3 


V3. V/ 


6 


V.yo 


/ 

74 


2.023 


T, 


37.86 


Jo. 73" 


37. Mo 


37.7S 


M. Vo 


7. fo. 


76 MH 




M2.<2o 


V2./5 


V^-yo 


Vims 


? 




<3. ^ 


/.M/V 


T, 


3 2 Vo 


3 7. Vo 


3 ?. Mo 


37. Vc 


M.V<? 


f.ox 


//.M3 


T » 


Ml <jo 


H/.?0 


V/.87 


V/84 


/ 








T, 








/ 








T , 


















T, 
















T„ 


















T, 
















T a 


















T, 












V 




T* 


















T. 



























- 6 ^ - 












* 




* 3 



APPENDIX C 

TEST DATA SHEET NUMBER fXrQ 
DATE //-/a-s-9- 

TANGENT TUBE MODEL Mmwtrr BURNERS 

ORIFICE (S') ^ __/C7 " FURNACF DEPTH > £.114” FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE 6~(r-X °F > 6.0. o °F ( 5~&~- / T 

DRY BULB TEMPERATURE 4 3.'o T , fe^-o _ 6-Y-o °F 

BAROMETER * ?<?• A" ‘'Ho. j ?o. iT ’Hg , 7Q.iT "l-U 

REAR WALL STg/kM PRESSURE __Z__ " W& GAGE , SPEC HUM. 6> 3 — 

* ^ lb DRV AIR 



RUN 

NO 


ah f 

* H a O 


ah b 

" w *.o 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


at75h f 


trial 


1 


Z. 


3 


AVG. 


/ 


23l CpO 


f.? 


-*?6 


T, 


3/. ir-3 


3/. 9o 


32~oo 


3). <7 A 


3.91 


?. /*r 


3*9.0 




3r.»o 


3P-&’ 


IS'.oo 




X 


/9.9o 


•*9 




T, 


3A^o 


3/. fro 


3/. 8-0 


v7/ ^ S”o 


•903 


7^ 


4 


T x 


3S7*3 


3%~93 


?r.?3 


ly.fj 


3_ 


Hs./O 




A'O/ 




35.. oo 


?/.9r 


?/,’»3 


3f.9C 


• 9 . 20 


7 ST 


30--1 


T fc 


?fc-T 


3fc.'T 


36.^ 


1G./Q 


-4 


ix-9o 


*i.o' 


3. 


T. 


32- -02 


32.0/ 


3A-OJU 


32.02 


•i.i tr 


7.70 


7l,1.(pS 


T. 


36-30 


3G-3o 


36-30 


36 30 




9. fro 


3 y' 


4 

J/3/T 


T. 


31./S- 


Ja.ao 


32 ao 


?^./Sr 


•9-31, 


7 . 3 -s" 


19 fc 


T, 


3C-:so 


36-Szr 


?6.sir 


30 . 


6 


>J 

V 

A 


33 


■2-fc? 


T, 


3a -ys - 


3A-FO 


72. Tf 


3A.SO 


•f.-Vo 


792. 


«*A3 


T*. 


?£ -8S 


TfeYo 


30 IT 


3&.9 0 


? 


3/00 


3.0 


AoT' 


T, 




3^S2T 


3X.(*o 


32- TT" 


• 9 . 5~A 




/6.7 


T, 


??. 


?7o*r 


37- 10 , 


37.07 


r 


Mo 


2 o 


/3«r 


T, 


3a>/o 


32.35“ 


32 3b~ 


3X3 -> 


^•76 


s-t-? 


u.y 


T, 


??./ST 


3“?. 


3?./S“ 


37./3 










T, 


































T, 














* - 




















T, 
















T* 




* 














T, 



























« 



-©3 - 






APPENDIX C, 



TEST DATA SHEET NUMBER L2_ 

DATE /Z> S9 ' 

TANGENT TUBE MODEL BURNERS 

.3-2- ORIFICE (S') , /y " FURNACF DEPTH, 2.U4" FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE faJUa. °F , °F , 3 9 - S' °F 

DRY BULB TEMPERATURE 7<J.S °F , 7^-jT °F , ZjLzl 0 F 

BAROMETER Hr. , 3oOYS - Ha. 

REAR WALL STEAM PRESSURE _/ "Wc, GAGE , SPEC HUM. /P<? GgAim — 

Ib.DRYAlft 



RUN 

NO. 


" H a 0 


AH b 

l, ^0 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


AT VOH 


TRIAL 


1 


z. 


3 


AVG. . 


/ 


JYsr 


■ S.S 


Y?& 


T, 


37- 7S 


3S.S0 


39. co 


3K.SS 


Y . o R 


pr.Ys 


27./ 


’ T* 


V/. S’o 


V/. ?S 


Yo.oo 


Y/.v? 


2 


20, 7S 


S'. 3 


Y.s't, 


T, 


3f.4S 


3 2. so 


3/.SO 


3SYX 


3 23 


YXQ 


ai /a t 


T» 


Y/So 


Y/ so 


Y/ 7o 


Y/ZO 


$ 


A.YS 


» 

YY 


Yog_ 


T, 


3f. Bo 


3SYd 


30- 3S 


3S3S 


3.2S 


S'., jus 


23. 9 


T fc 


Yass 


Y/./.s 


Y/.do 


Y/. bo 


Y 


'2. So 


Y.O 


3.sY 


T, 


ssYo 


. 3t.3S 


R7.VT 


3Y.3n 


3.22 


$'■% 


20.9 




Y/A/. 


Y/.A.s 


Y/.ds 


V 

Y/,ds 


rT 


f.zir 


3.6 


Y ?9 


T. 


32. So 


3t.Yo 


3Z-Y7) 


3P.Y3 


3.$0 


s.?Y 


/7./Z 


T* 


Y/. 7S 


Y/so 


Y/. <7S 


Y'- 73 






2,9 


2.o/ r 


T, 


/ 

32. IS 


M/o 


3Sso _ 


32J* 


j.YY 


Y../9 


/2. 7S 


T*. 


tY, do 


Y/sa 


Y/.ss 


Y/.sP 


7 


2.&o 


3-3 .. 


/.Y/Y 


T, 


3 7.3S 


37. 4o 


37./S 


?7Y/ 


3,st 


6,3sl 


2.9Y 


T> 


Y/.Yf 


YL Yo. 


Y/.3Y 


Y/.Yy 


/ 








T, 














/ / 




















T. 
















T* 


















T, 
















T* 
















' 


T, 
















T* 


















T, 



























- S-A - 



APPENDIX C 

TEST DATA SHEET NUMBER /3.-Z? 

DATE //- A-S"? 

TANGENT TUBE MODEL LVm&UJZ BURNERS 

3-2- 1 ' QRiFlCE(S), \H " FURNACE DEPTH, 2.1 14’’ PLOW METER 
AMBIENT CONDITIONS 



START FINISH AVERAGE 



WET BULB TEMPERATURE 


&>o. o 


°F 

> 




°F , 


5 - 9 ? 


op 


DRY BULB TEMPERATURE 






6 7.0 


■ T , 


C?Cp. u 


°F 


BAROMETER 


70.0, 


“Ha 


lo.fb 


"Hg > 


70-1 b 


“Ha 


REAR WALL STEAM PRESSURE. 


L 


" m 4 gage , 


SPEC. 


HUM 


kJL 



DRV AIR 



RUN 

NO. 


SH f 
" H a O 


ah b 

'•w«.o 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


atVqh 


trial 


1 


2. 


3 


AVG. 


/ 


3-3. t 


Tr 


>/.S'6 


T, 


32.ro 


31.8- s - 


3x9o 




3.-y-Y 


6-/7 


30. ) 


T* 


3L.XV 




76-70 


36 


A 


n. g 






T. 


33-rc> 


3A.3V 


37“ -7 7 


3X^( 


3.SV 


6 3? 


’*■3 


T* 


l(o*os 


Sr.?* 


3T.?1- 


?r*6 


3 


/A O 


** 


Ht oo 


T , 




33 -9V 


37.00 


3>.<fy 


>. stt 


6-3? 




T fc 


Ib-HS 




3 6 rv - 


36 


<¥ 


/2.4V 




3.ST3 


T, 


33l-?<T 


3X80 


77* 8- 0 


3> ?<r 


3. 


6T/ 


• 

7-3.0 


T, 


?6 ■‘HO 


36,'Yo 




36>^o 


*r 


?.7Q 


7 7 


3 OF" 


T. 


33.00 


3^ TO 


3A.JTO 


3J..9 0 


3. 7o 


66 6 


Ao 3 


T t 


36.?o 


£>6. (oo 


36- To 


36 6o 


p 

L 


C-Z 




-Z-'YT 


T, 


33. YO 


37. ro 


33. PC 


33.^o 


3. 6 0 


6-y't' 


/6. /T 


Ta. 


?7.io 


37 JO 


3 7. co 


37 , f o 


i 


-H-Xo 


3- 6 




T, 


33. to 


33-20 


33.3o 


37.oo 


3.7/ 


6 • 6 


1 3- 7 


T t 


Jfc.ST 


3tTo 


36T.Y 


36 T/ 


r 


2. oo 


-2. o 


/.SffH 


T, 


33.3r 


33.30 


33 To 


33. ?Y 


3,^o 


6.Y>/ 


9.68 


T . 


37. CO 


37. to 


37. Of 


37. or 










T, 
















T. 


















T, 
















T 2 


















T, 


































T, 



























-&C5 ~ 



APPENDIX C 

TEST DATA SHEET NUMBER /-^ 

DATE //- 7- SX 

TANGENT TUBE MODEL BURNERS 

% 

T- x!L ORIFICE (S’) , IK. - FURNACE DEPTH > 2.114” FLOW METER 
AMBIENT CONDITIONS 



START FINISH AVERAGE 



WET BULB TEMPERATURE 


£L_£ 2_ 


°F 

» 


6/ D 


°F «?..£?. °F 


DRV BULB TEMPERATURE 


b*. o 


■ °p > 




°F , 64T G °F 


BAROMETER 


30 . 3*7 


"Ha , 


3o.a* 


'Hg , 3.<2JAl£. "Ha 



REAR WALL STEAM PRESSURE j "u^GAGF SPEC HUM. 69* ^gAINS 

lb DRY A\R 



RUN 

NO. 


ah f 

" H a O 


ah b 

»W K 0 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


atVSh 


trial 


1 


z 


3 


AVG. 


/ 


av. ^ 


S'. "7 


?$r 


T, 


37 . *0 


36 00 


36-JO 


>Y.?7 


2-ro 


SX> 




Tx 


37.-50 


37. SD 


37.6(9 


37 . y> 


& 




y-s c. 


-7-7,0 


T, 


33.fos- 


73. S' ST 


33. £><? 


37.6 0 


2-6 S - 


-f.?T 


7-f, O 


T x 


36-30 


34.^ 


36^^ 




J 


U0__ 


y.y 


-7.00 


T 


33/fP 


33y? 


33.-fS“ 


33^3 


/t-Gf 




/r-Y 


T„ 


36. /S' 


36. /O 


36-/0 


76-/2- 




/z.r 


-y £ 


3. 5V 


T, 


33.2Tb- 


33&5" 


37.6s - 


33. 7 


2-6<? 


-y.sv 


n.3< 




36 5-0 


3 6>.So 


36 y <7 


36 7 






J. 7 


Z.?J 


T. 




>y.7o 


3<&.6'5‘ 


3-Y. 72. 


T?o 


'V-SrC 


w.sir 


T. 


3 7~To 


31*o 


373&- 


3 7.^yi_ 


£ 




A-? 


T33V 


T. 


33 -9-0 


3 3.9o 


1 3. 5S“ 


33-S-lr 


2.7=r 




H'~? 2 — 


T* 


36 To 


3£ -7o 


36-(io 


36-67 


7 


3 6 T 


AT 


/•?/ 


T. 


3?.7r 


37. 7o 


37.7o 


T3-72- 


tsv 


*'? 


9. 9G 


T % 


3C>-&o 


3 • £o 


3& £o 


76- 6 o 


r 


2- co 


A,P 


MY 


T, 


33.3-0 


33-ST5 


33SD 


3"3 S-o 


A 9 7 


P~3b- 


7 


T fc 


3^-30 


-?£. sr? 


36.y3 


36.^7 




K 






T, 
















T* 


















T, 
















T* 


















T, 
















T, 


















T, 














- 


T* 











-e G - 



App^ IMPl^ C . 

TEST DATA SHEET NUMBER Mf-Ft 
DATE //-/ 3-£T? 

TANGENT TUBE MODEL Mra^uT BURNERS 

Jft 

I t 

3-?-" ORIFICE IK. FURNACE DEPTH, 2.114" FLOW METER 



AMBIENT CONDITIONS 



V 


START FINISH 


AVERAGE 




WET. BULB TEMPERATURE 


51 Jz 


. T ( T?. 




°r 




DRV BULB TEMPERATURE 


bl. G 


°T , 6><2>0 


°F , 


°F 




BAROMETER 


30. 3*7 


"Ho. 30. "37. 


*Hg. . 


30. "3 7_ "Hi 




REAR WALL STEAM PRESSURE / 


. " Ms. GAGE , 


) 

SPEC. 


wont ^r' 


GRAINS 



lb. DRY AIR 



RUN 


AH„ 


ah b 


Ah, 


TEMPERATURE ‘ 


3 c 


AT 


AT 


at^Sh 


NO. 


" H a 0 




TRIAL 


~ 1 


£ 


3 


AVG. 


°C 


°F 










T, 


31, 


31, IP. 


3A /o . _ 


_33 • /3_ 








/ 


21 0 


•57T . 




T* 


23-10 


?y-*r 


? 3.»T 


3?T7 


9?.7-V 


-f.?3 


72. (o 










T, 


3c.&T 


30- 9^ 


30-90 


30 - <?o 










/¥. ¥ 


’f-'r 




T*. 


33 20 


33-iro 


73 i S" 


33%S" 


733.^ 


57/3 . 












T, 


3/. oo 


3/. os' 


7/./<r 


3J.P1 








3 


ltr.1 




-*o? 


T„ 


33-7(3 


3 3.?; 


3-Y.ov 


33-91 


2-9o 




U- 3 








• 


T. 


3J-S- o 


3>! • (o 3 


3 /no 












/V. 7 


-v o 


3.8^ 


T, 


3V.3T 


3v.^r 


3*. fro 


3-v.«V3 


2~i ra_ 




/?-s" 










T. 


3/ 


31,8V 


31. nr 


3/. £-o 










/a.x 


3. V" 


T.S-D 


T t 


3-H.(fO 




3HVo 


3^.6>S" 




T/5 


97 9T 










T, 


3 


32-AS' 


32.2V 










£ 


IO.cz' 


3. 6 




T fc 


3^.0 5" 


?r. /o 




? VOS' 


2- S-S - 


S7/3 


lu.*0 










T. 


32*0 


3?. -VO 


39L7JT 


32- 1ST 








7 


¥.2\" 


3. 3 


^7 


T, 


30! T 


3s~.?r 


3S~.?0 


300 




57/3 


/'i. ><r 










T, 


39i.?!r 




.5o 










p 


t.oo 


7.0 




T t 


3-r.^o 






3Z./JT 


2?<S 


T73 


/3. oy" 










T. 


32 30 


3?.?sr 


32*0 


3^-Bf 








? 


•4.00 


2- 6 


Auo 


V 


3 S'. 3© 


3T.?r 


3 ST. -Vo 


3s~.2,<r 


J- Oo 


5:^0 


42. <5-0 










T, 


2a <70 


32*o 


3J7ST 


32.38' 








to 


2-oo 


,2 <9 




T* 


3r*V 








i. or 


57-y^ 












T, 
















































T, 









































-B7 - 






...-APRE. NP1 * C .. 

TEST DATA SHEET NUMBER /5" 

DATE IhJz^l 

TANGENT TUBE MODEL LUrmcuT BURNERS 

.3 -X " ORIFICE (S ~) Xi FURNACE DEPTH ) 2.H4" PLOW METER 
AMBIENT CONDITIONS 



START FINISH AVERAGE 



WET BULB TEMPERATURE 


5~&~ • l 


*F 5^.9 

> 1 — 


0 F , 


5-5r. o 


T 


DRY BULB TEMPERATURE 




°F t GT.r 


T , 


6*. r" 


°F 


BAROMETER 


30." 3.; 


."Ha 


"Ha , 


30 3 PS" 


"Ha 


REAR W&l l STEAM PRESSURE J 


"Ha GAGE „ 


SPEC 


. MOM. 


<£ / GRAINS 



lb WW A»R 



RUN 

NO. 


AH r 
" H a 0 


ah b 

"«aO 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


atVqh 


trial 


1 


2. 


0 


AVG. 


/ 


23.*y 


-EX 




T, 


32.30 


32-^o 


j2-.ro 


TP-'VP 


2- t ? 


oi.SrO 


23-X- 


Tx 


3 S'.CT 




3*r.> t 


? s r. / 7 




/?,. G 


r. 6. 


•f.43 


T. 




3a. or 


3) ?<r 




2- ?£> 


6~:?x 


AJ. / 


Tx 


3*v ?s- 


3<y.?s- 


3A »r 


3T.?i- 


3 


/mr 


V/ 


3. fr- 


T , 


3/, 70 


3/. ?P 


3/. (?S 


?/. 6 T 


Z:tLT 


iT./kz 


Ro. G 


Tx 


7H #0 


3#.r~) 


JH.Tj 


3-Y.rt, 


-f 


jx.s^r 


o 


3 ■•5# 


T. 


?/->7 


37,74? 


3/.?*- 


3/. 76, 


7 IrC 




/r^r 


Tx 


3-r.for 


3+1 '.65- 


34. sr- 


JT!' 


5~ 


3,4 (L 


3. G 


Jo? 


T. 


i/. 6T 


37. 7o 


37. 7 s' 


3/ ?0 


2.*)° 


77 lx. 


/£. o 


Tx 


3*7. S7T 




7-V.C-r 


J-Y4-C! 


C 


6>.7o 


-Z*' 




T. 


3/7- sT 


3h ~>o 


3A 7 S' 


37-73 


J.Oo 


T+fo. 


7>y. t? 


Tx 


>*. 7S“ 


34.2 o 


3*y. 


3«y 73 


7 


4/0 






T. 


3/.7S - 


3i.ro 


3/.a-> 


3/.«V 


3.o? 




// A 


T* 


3T. ro 


3*7-9 o 


3 


STTrf' 


S' 


J • £>o 


2.0 


/•+/(« 


T, 


3a 


7/ 




3/.ST4r 


3-A7 


JT75T 




Tx 


?T.77 


>A&o 


3T<<S-P 


3* 7? 










T. 
















Tx 


















T, 
















T a 


















T, 
















Tx 


















T. 
















T x 











-&e - 



APPF-NP'X C 

TEST DATA SHEET NUMBER A'£=J?— 

DATE U- /3 - 

TANGENT TUBE. MODEL A7rmou-r BURNERS 

.3-2" ORiEtCEfS^ A/ " FURNACE DEPT H } 2.1 (A” FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE T , §TG_ °F , °F 

DRY BULB TEMPERATURE G±^o_ °F , 1»A2_ <T _ £7. o _ °F 

BAROMETER ^ 9-T _"Ha , DP-' 3-2 “H& , J 22-2-? , ‘P& 

REAR WALL STEAM PRESSURE _i "UcGAGE , SPEC. HUM 6j2 



RUN 

NO 


ah f 

" H a 0 


ah b 

,l w*o 


J^ r 


TEMPERATURE °C 


AT 

°C 


AT 

°F 


atVoh 


TRIAL 


1 


2 . 


3 


AVG. 


/ 




5: 3 


hl-l'T 


T, 


33. n 


33.2 


33-th 


33 >y 


77 


Till - 


2 3. 7 ._ 


T* 




3Tlr 


3 Slo 


3S~?3 


2 




-Y r 


^ 3Y 


T, 




3A.7X 


lA.fr.r , 


3AT’- 




5~0-p 


2J-JT— 


T* 


3TTO 


3r^o 


3 S~.SS“ 


3^-7X 


3 


/6-7s^ 


1 


hoj 


T , 


33. 


33.^ 


,33. SUD 


33-/7 


2 . a- S' 


olLZ _ 1 


iMZl 


T fc 


?Q> . oe> 


3k. o~o 


;^.o6 


?&. OL 


— ■ V. 


/'Yds' 


c> 


3?9 


T, 


?3./S“ 


22. /S' 


22. la. 


33- '3" 


22/ 


<5~3>/ 


' Mrs r 


T fc 


?t./o 


J 


3G./o 


36-0? 


6 ” 




<*-.0 


3 . S~3 


T. 


73YT 


33 hx 


33.^0 


33-Y3 


A<Js" 




/S'/ 0 


T, 


36- AT 


3 tur 


36-70 


3£>. JT 


£ 


/«36" 


3. <£> 


J.?2. 


t 4 


3?-2o 


73- 3s' 


3? 


33 3T 


7.9 a 


5:^c 


lk?_ 


T fc 


76 To 


gc- 30 


36 30 


3k. 7(0 


7 


<5 : 30 


J. X 


2 hr 


T, 


33. 3T 


33-^tr 


33 . 


33.^4 


2-9/ 


f..5T 


/b.t 


T a 


3fc-3o 


36 30 


Sfc.To 


36 37 


A 


^ ^ s" 


'2 6* 


a.s~o 


T, 


73-6T 


33.6c- 


33. ry 


33. Go 


.2,13 . 


/3. i_y_ 


T , 


36 - 60 


36.rx 


36/r 


36 ja 


? 




2 . 3 


3 , c? a __ 


T, 


73. ?o 


3?.7o 


37-1?: 


?3-.ZL 




-524- 


( 0 . SY~ 


T s_ 


3 <* (* 0 


3 6.6’ 


34 - ’ _o 


36.66 


10 


1<5>0 


2-0 0 


/y//y 


T, 


33 7o 


33. 7o 


332T 


53 ’’I- 


3 00 


S-hCX- 


JUtiL 


t 2 


?G 7o 


36 >o 


3k?jT 


3 










T, 














• 




















T, 
















T „ 











- ©S - 



APPF.ND IX G — 

TEST DATA SHEET number JJ2_ 
DATE /- 6- 6Q 



TANGENT TUBE MODEL _Jdi£n±i2SZCl _ burners 



2_a ,<■ ORIFICE Q), <k " FURNACE DEPTH, Z.\\4c' FLOW MEIER 



AMBIENT conditions 



FINISH 



WET BULB TEMPERATURE 
DRY BULB TEMPERATURE 
BAROMETER 
REAR WALL STEAM PRESSURE 



€X>. 7 . 


°l 






3o.o<=> 




£ L_ 


\\ 



ST tf - 



°F 

% 

°F 



Ha. B 






Ha GAGE 



AVERAGE 

°F 

42 i °F 
30-0 / ''Ha 
SPEC. HUNV — 



GRA 1 NS 
” lb DRY AIR 



Dl MM 


y\ w 


AH 




temperature °( 


% 1 


AT 






KUIN 

NO 


cA n p 

" H a 0 


nn 8 . 
"vyo 


y^ H r - 


TRIAL 


1 


2. 


3 


AVG. j 


°C 


°F 










T, 


2^T<5 . 


27. ’Tj 


3% , 


2. £ r.7Yl| 












7 <7 




T* 


?6,To 


36-30 . 


?6 ;r : 


76-3A 




//. 7 ^ > 




/ 


' * * r __ 


— A:..StL 




T, p 


2*7. oi" . 


2?. to . 


Pt.JO , 










/n 


/(IP 


B'-'i 


*1.0 « V 


T x 


:?6 -0 0 


so. <7 6 : 


5^,00 


3r-tt | 


b-ki, 


/^31, 


S“o. o_ 


, .A 




1 




T , 


2-9. -yi - 


at *T 


2-°1.3o . 










* 


/X/ f 


7/ 




T fc 


3 <s> Ao 


36. /o 


3 6 or 


36 . /A 




/X.'/o 




... C 2 


* V£? 






T. 


ASr-S -0 


P8--90 


2 r w - 


2 T&-Y 








. / 




6 - 0 


3 57 


T fc 


3E-TT 


3F.&0 


3 T". 7 i“ 


3F77 


0-9x 


/q-'T'T 


^ 3.7 r 





/ /• O 






T, 


A?. To 


n&r 


5 IS-o 


2 -tfe.rl 












An 


3 xf 


T 


B <• to 


3C .Tfe 




3&T3 


6>-$-zr 


/x-^fo 


3% fro 


C> 


/C/* J 


3 -C 2 


- — 


T, 


17. <Vr 


30 00 


30.0JT 


30,00 








/ 








T* 


37.00 


31.io 


37. '5" 


37. o}r 


X.o-tr 


/2.7i" 


2 <,o_o 


.. .g 


0 ‘ *»2 






T, 




2o*g>o 


?<r .7o 


3o.sv 










/ o 


Jf.O 


2 . 5-7 


T * 




3?. 75 - 


3 T-trr 


37- 73 


7> /gl 


IX fry 


3xoo 


/ 


£.3 






T, 


3 /oo 


3 /. 00 


3 /-or 


3 [.ox 










A/ CH'"^ 


3.G 


7.2<? 


T 


3^2-r 


3 r-3o 


3r-^o 


3T3X. 


?• 3o 


/ 3. /tf' 




■ SC- 


*7- fl A— 




. _C_ — 


T, 


3o^iT 


' 30 >9 0 


30 . to 


3o 










? <rvw 


? Ov^ 


' /. p 9 


T, 


35:6o 


3T6o 


3T<S0 


lSr.6 0 


7 6^: 


- /3 TO. 


i£2£L 


7 


J -7 o 




_ ■i.ig — - — 


tT 


?©- JrO 


3o.7S- 


' 


30 .iy 








/q 


!) to 


t c 


j.+tiH 


t » 


3Sr.7T 


■ 3 T ?o 


3^.70 


3 S'. 7a 


J 7 


/H3o 


ao^o- 






_ art Us 




T, 


?o-7o 


30 . 60 


30.90 


70.5^ 








/ 1 


J, Oo 


) 


J.OO 


T, 


33-8T 


' ST. 80 


3r.7o 


3F7Jr 


srxr 


' l3jXk 


■ ^.8-E 

m 


i / 








T, 














J 










1 T * 










JL_ 







* 






-So - 



APPENPlX C 

TEST DATA SHEET NUMBER /T 
DATE /-<^-<T9 

TANGENT TUBE MODEL 47/? BURNERS 

SiSA " ORIFICEfS~) , _ /<? " FURNACE DEPTH, 2.114” FLOW METER 

! AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE C~S. O T > S~o, <?o °F > To. .T °F 

DRY BULB TEMPERATURE <tJL 2. °F , 60 o7 °F , 6 / 4 °F 

BAROMETER' ^9.7.f "Ha , ?VS " He. 

REAR WALL STEAM PRESSURE _Z_ " Me. GAGE , SPEC. HUM. 37 GRAINS — 

7 lb DRY AIR 



RUN 

NO. 


ah f 

“ H a 0 


ah b 

"M»0 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


atVSh 


trial 


1 


z 


3 


AVG. 


/ 


/* 9 > 


f'O 


4-42 


T, 


3/. 4o 


.3/. Jo 


3i. Jo 


3 /. Ja 


S. ST3 


(o. s~o 




Ta. 


£2^34 


3222rS 


*3 


32..Z3 


A 


/?. O 


>y 




T, 


3!.. ST 


3/ fZo 


3 J. J<3 


3/.4f 


G.oo 


fo.tro 




T x 


AO. S/b 


AfLSZ 


37.V* 


37. Jz 


3 


/J.s~ 


7. .5~ 


9.2/ 


T , 


3D JP.5T 


30-32. 


&u2n 


30 18 




n-tY' 


^■r 


T x 


37 oo 


37. oo 


32.9 s 


3 2. 92 


y 


/D.4 




9 >53 


T, 


3o. s-r 


.ZO.Ln 


An . 70 


&lL2. 


.9-720'.. 


n • 3/ 




Tc 


3/„<?o 


3/ r . 90 


3/..90. 


3d>. 


-T 


/o.a . 


v * 


9 

3. A/ 


T. 


. 3/, OS' 


30. 9o 


3o3o 


3o.9x- 




//.*£ 


39./ 


TV 


37.XS 


3?/T 


3?, /Q 


37. '7 


6> 


/.B 


-/ 3 


a -22 


T. 


3b. 3o 


3b. xo 


3o xo . 


/ 

3o k3 


6 - TO 


//. ?o 


33. 7 


T x 


32 ?o.- 


37L7o 


3 2. 7.0 


32. ?3 


r 


j.xl 


,9 


q.4? 


T t 


3o. os 




.30. oT. 


3o.03 


G. Q> V 


s/.9/r 


z%r- 


T x 


% in 


322 sr 


30. 7o 


30.07 


. ; 

<♦ 

r 




^ 00 


l.ao 


T, 




3c>.oo 


Z?.-fo 


0.973 


9,-lx 


I'X-lo 


JL(* b 


T «. 


3D o 


AG.70 


3 C . *rS~ 


30. OiT 


$ 


/ ./a 


3.oo 


/.-?/* 


T, 


a?. 50 


qQ,bS 


x%<rr 


2-°!- 63 


939 


/A-sir 


7X1 


T„ 


3 G G** 


3&.9S 


3.9 SSr 


3 G- (o 1 - 


sa 


2 . 0-0 


q. s' 


s-4/4 


T, 


39.7T 


7%. 70 


3o or 


2Z±o 


/ ~ 


/x/sx. 


nsi 


T a 


36 .7 o 


DG .9*0 


36>.4o 


36.Sro 


// 


y.oo* 




/■to 


T. 


3o. oo 


3o oo 


3o.oo 


3o.oo 


7.to 


/p-?r 


’ /A? 


T* 


27 . fo 


37. fo 


37. ( o 


3?/o 








• 


T, 



























- 9 \ - 









* 






APPENDIX 

TEST DATA SHEET NUMBER 
DATE 7 ' 

TANGENT TUBE MODEL A7 rmcojZ BURNERS 

2"7- t ' ORIFICE (S’), AV " FURNACE DEPTH, 2.114" FLOW METER 
AMBIENT CONDITIONS 



START * FINISH AVERAGE 



WET BULB TEMPERATURE 


**/%-■ O 


°F 

» 


5Z2 -. Q, 


“P* > 


ST 


°F 


DRV BULB TEMPERATURE 


(fro. P 


■ °p , 


63.0 


°p . 


&!■ i" 


°F 


BAROMETER 


30.1-1 


T»4 , 


3o. n 


"H S , 


30./7. . 


"He. 


REAR WA! 1 STEAM PRESSURE > 


" U* GAGE , 


SPEC. 


HUNT 





lb DRV AIR 



RUN 

NO. 


AH, 
H 4*0 


ah b 

"M»0 


-Jw. 


TEMPERATURE °C 


AT 

°c 


AT 

°F 


AT^AH 


trial 


1 


Z 


z 


AVG. 


/ 


2-1 o 




-y.p=r 


T, 


27.8 s'' 


a?. 




29-13 


cJ.osr 




32r.C 


T* 


V/. To 


;vtW£> 


3 <V. 3X 


3-V.-V/ 


_ Jr 


/7.X 


?. O 


-y./s" 


T, 


Ofr.9i 


?*-.& 7 


28r ix 




<TCrO 


7.0o 


37. 3 


T* 


3 3.9T 


93. i-0 


33tro 


33 - 8- A' 


3 


Hi 


6- V 




T , 


78 'To 




O. 




67o7 


9.K3 


iST. / - 




J7.fco 


33.70 


^?3. 70- 


33 b 7 




n-G 


5T3 


3. sv~ 


T. 


2^70. 




;*2r:60 


22T6<T 


^'3 


9.W 


?2.-r 


T* 


-Z? To, 




3 *7 . “> iT 


33.?^ 


5 *” 


/o.c. 


Htr 




T. 


2?- 6 o 


7?. ro 


30. oo 


■Z^-tro 


H.io 


8: j-i 


7TJ-. 


T* 


zyro 


70 


3W9<7 


3*3o 


< a 


Sr. 4 


&-.Q. 


Z9-?r 


T, 


3o.or 


J?o /o 


30-30 


?o. n~ 


H9S~ 


2r.7/ 


2-6. / 


T* 


3*T-CrO 


SsTo 


3S~. 3-0 


3S7 /o 


7 




3<r 


7T3 


T, 


3 0 . 5-0 


7o . 9s- 


3/. /<r 


30-9ST 


tr.cho 


?.oo 


2>- Y~ 


T x 


33- 8 o 


3S~.9V~ 


7L./0 


3T.S-A" 


_s 




3. o 


7oc 


T, 


3) ■2S' 


3/. 30 


3/30 


3 >-xsr„ 


67/2- 


93x 


19. o 


T . 


36 3 r 


\ 

3 6 •'YfT 


36^0 


36 -'Vo 


7 


3. oo 


Z.O 


/, 73 ^ 


T, 


7A ?o 


1/3 X 


3/» 3o 


3A3/ 


S'-T 


c t.'iT 


!C" 3 




36- 


3(>S8r 




_3.c 


to 


7-Oo 


<■ s" 


I'/i'i 


T, 


?/. 6>o 


3o.?r 


•3<? 9o 


3o.q-r 




9.9 s" 


Wor- 


T a 


?65T> 


3G*y- 


36 ST> 


36-<v^r 


II 


1-00 


LO 


1.00 


T, 


30. Sy 


3o.«s~ 


30. 3sT 


30-V3" 




As r-v 




t* 


3G?s~ 


7(,-3 o 


36- 3r 


36-3o 










T, 
















T* 











APPENDIX C 

TEST .DATA SHEET NUMBER _UL 

DATE 3 -.Z-.AQ 



TANGENT TUBE MODEL ^i/^A^f BURNERS 



J E-3." ORIFICE fsT t /P. FURNACE DEPTH > 2.114" FLOW METER 



AMBIENT CONDITIONS 



STAF^T 



FINISH 



AVERAGE 



WET BULB TEMPERATURE S9>. / 1 / 1 T 2 °F > £2jl5“F 

DRY POLB TEMPERATURE <£.?.P °T , 0_Z. p °F , 6 5. 5- °F 

BAROMETER .53, /V ‘’4a , 30,//? "Hs , 3o./y "Ho 

REAR WALL STEAM PRESSURE. _X__ " He. GAGE , SPEC. HUM. 



GRAINS 
lb. DRY A)R 



RUN 

NO. 


AH P 
“ H a O 


ah b 

"W.,0 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


atVah 


TRIAL 


1 


2. 


3 


AVG. 


/ 


J/.s 


r.o 




T, 


32.2,0 


.32. ¥n 


Ji.y^ 


32 37 


y & 


9- JZ 




T,. 


3L. 3<o 


2>/..¥o 


36. ¥b 


36.3 0 




>/. 2 


9 0* 


/ 

A./O 


T. 


.5/, SO 


3/?P 


3 1 7s- 


31.72 


V^r> 


9.56, 


«3/. 0 


T x 


?d>. OP 


3A . no 


3S.QS 


33 . 97 




/■y. -7.T 


6.5- 


3,2 ¥ 


T , 


7o> 


2>] ! (ff $ 


3/, 7P 


3/ k&__ 


4.2.5 


^>5" 


29 W 


T x 


f 

9.9 


AS. 9o 


.25 Q 9 


As. 93 




/2.L 


iff • 0 


3. S3" 


T. 


3/,7Q.. 


3/. 7 O 


3/ to & 


3l6l8 


¥32- 




312 4 




3i* . O 


$/,. 60 


4(o .QO 


3Jt.no- 


.-r 


/n . 5^ 


tr. o 


J.j-¥ 


T. 


3). lo£> 


3 /. Ipo 


2lAdj 


3). (eO 


4.</o 




55.9 


T x 


3(ff.OO 


"310.00 




.3L.qo 


9n 




■y 


3-2Q 


T, 


3i.7o 


S>- <*_s 


9)- ip 


2i(,s 


*>/. */o 




/ 


T x 


- ^JD. / ^ 


3lff.o^ 


2L.ro 


3/o. os 


7 


S. 70 


3. P 


J 39 


T % 


Rl.in 


A). 


A\.%o 


31.95- 


4-53 


^/jT 


/^. .5^ 


T* 


3lo> to 


AS. Q{T 


-?5! 9° 


3S-. 32 




A. Do 


-?.P 


5.05 


T, 


3h ^ S 


3196 


3Z./5 


3i.<jo 


.*f. 


.7,9 S' 


A. 3 


T . 


7/ r ,S 


3L. 3 p 


34 SD 


3L.$tl 


7 


3 ,'0o 


/ S' 


/9.3D. 


T. 


\-y . 4n 


32.4s 


42. SS 


.92. ¥7 




*r 






31,. 2 o 


JLSs~ 


&.Qo. 


3/.&s 


/n 


J?5o 


/ PP 


/■V/¥ 


T, 


3d.4>0 


Jx. it 0 


. 32 . LS 


32,6; 








•T a 


3?.oc 


3 P.oS" 


39. /o 


37.os 




j£ 


/oo 


/.Oo 


/.oc 


T, 


32. SC 


3: ?./7 


22. So 


2d. 99 


4.(,> 


l 2^ 




T, 


<37. 'A 


39. jo 


4njt> 


37. /0 










T. 
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_ap,EE,| MQ 1 X c . 

TEST DATA SHEET NUMBER j£ 

DATE 3 - Sr-Go 

TANGENT TUBE MODEL Ujj i THOuT BURNERS 

l-%" ORIFICE fs~) . 2d " FURN ATF DEPTH, 2.114" Fl6w METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE ^. >5^3 “F > 5W o °F > g'-V- lT °F 

DRY BULB TEMPERATURE 67. 8- °F , 6 3. S'" °F , 6 T. U r °F 

BAROMETER , 30. Nr" "Hr. , UO.ir ’’He. 

REAR WALL STEAM PRESSURE " We. GAGE , SPEC. HUM. >±9_ Grains — 

lb DRV AIR 



RUN 


AH F 


AH 




TEMPERATURE 1 


s c 


AT . 


AT 


atVah 


NO. 


“ H a 0 


u w«P 


TRIAL 


I 


2. 


3 


AVG. 


°C 


°F 










T, 


3r 7o 




7S3/0 


?5T.^0 








/ 


2-/. o 


9. a 


't-n 


T* 


? Sr.ro 


ir.Ko 


??-.7o 


3r.77 


% 

3.S-7 


6.-V3 


39 . $"■ 










T, 


3/V. 70 


7*y. 7 0 




37-33 








X 


n. / 


S'. o 


w. /V 


T* 


3§r. /s' 


3 fr. /fT 


3ITXO 


j_r/7 


3-W 


6.*? A 


35 .. G 


\ 








T ( 


3-y.J-r 


/p 


3H. Oo 


JW./X 








3 




?. o 


l.S-i. 


T„ 


3^0 


3 tr -os' 


31 -9 f 


3 r.o 3 


3-9/ 


7. -o-y 


3-1-9 










T. 


33. 6r 


33.bS~ 


J 3 .ro 


33. £ o 








4 


/p-r 


(p . c 


3-r-v 


T x 


37. 6 r 


37. 7o 


37. SV 


17. 6 3 


<4.03 


7- 7F 


7T.7 










T. 


33. /r 


33./ O 


??JO 


3 3./-J— 








S" 


(o.r 


rro 


JPV 


T* 


37. 3o 


37. AO 


3 ' ?. AO 


3 7. *7 






2^ A 




m 






T, 


??.*> 


33. /r 


31.10 


ji./r' 








6 


*-■? 




^.*JT 


T* 


37 3o 


3 7.30 


37.p.r 


37 . >,r 


+t>(3 


7. YA 


Zl.Jj 










T, 


3 7. OS' 


33Jo 


33-l*~- 


33.0? 




" “ 1 1 / 




? 


C,' 3 


3. O 


a.ry 


t 4 


37UT 


37.3 0 


37. 7 0 


z~/.>r 


4. 19 




>*-.1 








/ 


T, 


33- or 


37. oo 


33^ 


B3-OA 








Sr 


-*# A 


PA 


P-OS— 


X 


37 7o 


37. P-T 


3 7. 43" 


37.X 7 




7 . 6 ^ 


? 










T, 


32 -4 o 


3>-*T 


3X-S0 


3i.*sr 








...9.. 


3. O 


7.r 


A ??a 


X 


36 Jo 


3636 


37.00 


76-3 9' 


4-o*f 


7 . 


/a. 6 










T, 


37- 7r 


37->o 


77.RO 


3^7X 








• fo 


-3*0 


/, o 


h 


T* 


37* 


37* /o 


37./r 


37. /2_ 


*9 -VO 


??A 


//A 








• 


T, 


32- 30 


3>/o 


3700 


33/3 








It 


/ 0 


// o 


/. o 


X 


3Q> -9o 


36^0 


36 -7r 


?£>-3X 




S'-Vv 


S'/yy 










T, 
























X 
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APPENDIX C 

TEST DATA SHEET NUMBER JJ. 

DATE 3- H-LO 

TANGENT TUBE MODEL UJjTH BURNERS 
.2-3. “ ORIFICECS*) t G " FURNACE DEPTH ; 2.114” FLOW METER 
AMBIENT CONDITIONS 



START FINISH AVERAGE 



WET BULB TEMPERATURE 


S~(r • O 


°F 

> 


F-y. V °F 




°F 


DRY BULB TEMPERATURE 


6 O 


■ °p > 


43- A °F , 


/ 


°F 


BAROMETER 


SO. /6 


"Ha . 


30.(6 "Hg. . 


30/6 


"Ha. 



REAR WALL STEAM PRESSURE __Z_ " U& GAGE , SPEC. HUM. &_L 



lb DRY AIR 



RUN 

NO. 


AH f 
" H a 0 


AH, 

"H t 0 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


AT^ f 


TRIAL 


1 


2. 


3 


AVG. 


/ 


9-1.1 


/3. 3 


'i.t-l 


T, 


3**0 


3/1'Mo 


3X.X0 


3^. P'0 


-*73 


Sr 


^0.6_ 


Tx 


Tf. /o 


34. /i - 


39. n 


if. n 




if.y 


/Z.3 


^f-'YT 


T. 


3*. rt> 


>^5T> 


3pr. so 


IX'.SV 


>V . Srs^ 


Sr. 73 


3 Sr. IX 


T x 


29- 3 ST 


39.3 6 


39 is- 


39. 3-i"' 




1 6 > C 


?o.o 


•i.o/r 


* T , 


32.ST 


3x.9o 


P3.3T 


3J.Y7 


W-9 0 




36.0 


T x 


3>2o 


31 . *o 


31.70 


77. 7? 


•y 


M- 1 


y o 


3.ry 


T. 


37-<*0 


3230 






X/.ST 


S~-7 / 






??• V 


3i. ?r 


31 1 S~ 


37 ?5~ 


S'" 


/X- Q 


S^.o 


2 s' sr 


T. 


3 2 -?o 


.3^.6* 


3 2 6 O 


3*. 64 


5~oo 


9.00 


?/• 4 


T x 


3 *? ?o 


37.tr 


37. to 


•37. G T 


6 


( o . 6 


3 3 


3-XL 


T, 


72 rr 


33. TO 


33-7,r 


JX £0 


To? 


°t. IT- 


29. 7 


T x 


37. (bo 


37- to 


37. a-o 


37 . & 7 


? 


** 


S'- 3 


2-9o 


T, 


~hx.-?s~ 


32-73 


32.6T 


31.1/ 


iT./O 


%ik- 


26-6 




3 7-S-r 


37.8-3 


37 . ?jr 


31- S'/ 


s- 


6 3 




2-SV 


T, 


3X.lT 


3 3--S-0 


*3>.S>r 


lx. to 


7 


9 To 


2 3.y 




31.9 o 


?S-oo 


3S--0 0 


37. ?? 


? 


*#2 


T * 

3. o 


x.cr 


T, 


31-90 


32-<?o 


*33.00 


37.-97 


57/7 


?. 3 0 


'*/ 




3x.ro 


3S-/3 


7»~ . >0 


3$r./y 


/o 


?.» 


20 . 


/-73.A 


T, 


37. /o 


33. /O 


33.^o 


33 . n 


SC* j- 


4, VS" 


• /fc.y 


T a 


3 Sr. Y S' 


3sr.ii 


3ir.ro 


3r.Pl 


* 

a 


.2. c; 


/ o 


/■'it#- 


T, 


33-60 


3S.(oS- 


33 


33. fcF 


47*0 


9.36 


/? -J-S" 




Jir.S'O 


38-.7 0 


3ST.5.T 


3tr.ST 


lx. 


/< o 


— 


/ O 


T. 


33. 3F 


33 3o 


33- 30 


33. 3X 


S7Y2- 


9 . ?T~ 




T* 


3 S'- 3 S' 


3 S3 2 


3*-.7r 


?>•- 7-Y 






* 



APPEND'* C. 

TEST DATA SHEET NUMBER 
DATE £ -/YYa 

TANGENT TUBE MODEL BURNERS 

OR'F\CE(S>\ ?Q " FURNACE DEPTH, 2.U4" FLOW METER 

AMBIENT CONDITIONS 

START F'N'SM AVERAGE 

WET BULB TEMPERATURE . 4 -^ , 5 - a F ( °F , ^3.T °F 

DRY BULB TEMPERATURE 43*. *T , £.?.o T , <t>3./ °F 

BAROMETER * "Hs , &>./£ '' 

REAR WALL STEAM PRESSURE —L— ” Me. GAGE , SPEC HUM. * grains — 

'to DRV A>R 



RUN 

NO. 


AH f 
M H a O 


ah b 

"M*0 




. — ■ . . , . *-4. .. , ... 

TEMPERATURE °C 


AT 

°c 


AT 

°F 


AT VOH 


TR'AL 


1 


2. 


3 


AVG. 


/ 


23- 7 


/V. 0 


4? 7 


T, 


3SZ)A 


35*.o^ 


BSco 


3S- O) 


3 so 


6.4jl 


3t 3 


T* 


3r.<9o 


32. SS 


3S.sC 


.33. S3? 


oLs 




/-2 2 . 


— 

4.49 


T, 


34 sv 


39 . SO 


3¥-> (po 


34-Si 


r ■ 

3. os 


0.7S 


2)0./ 


T* 


3s.^s 


22. 3S 




78.S-? 


£ 


/* Y 


* ^ 


4. /<? 


T , 


34.4o 


s4.40 




34.43 


3. 


8 x4 


28.0 


T fc 


Zs?.)0 


38.0-0 


J<5 


38. *3 


y 


/vy 


y <? 


S?./3- 


T, 


,? v. A 


34.4s 


' 34,st> 


344s 


3,8$ 


J> ■ 9o 


J-O.o 


T*. 


'bf.xS 


78 3« 


Sr. 3o 


38.48 




/ 2 .d» 




cXT 


T. 


74. ?£ 




34. Pa 


34?s 


.3.7? 


0. Sv 


c j4‘5 


T* 


3s>.sp 


38.00 


.38. 7o 


38.63 




/^.jsr* 


^.,25- 


3.lJ- 


T, 


34 . 9 ? 


3s.oo 


r 

$ 5 Q-e> 


34.44 


3.81 


4.89 


22.8- 


T„ 




783 n 


3 8S0 


4Z-Zo 


7 


y.Y 


Yf 


J>..& 


T, 


7 V .fc 


?4. ?<? 


-S>4.<?< 


84.9* 


3.86 


G - AT 


<=7?Qyj. 


T, 


-TjT 




48.20 . 


&7? 


/ 

/? 




f r 

^/o 




T, 


/ 


.fy. ^ 


34 . ?o 


34.?* 


3.9* 


7-// 


J7.8C 


T * 




38. 2S 


. 8t.2S 


34. R S 


? 


vy. 


Z.Q 


3- os- 


T, 




84? 9 


M9S 


34 4.3 




7/S 


74 Os 


T* 




78. 9o 


* r 

38.9c 


38. 9 0 






Jo 


422a 


T, 




24 fa 




3440 


/ 

4.o4 


7' 2 7 


/ 2 . 9o 


T * 




3SL13. 


£8$SL 


78. 94 


// 


<a .0 


y^o 


/• v>y 


T, 


?V. 7<? 


3 4 7c 




3477 . 0 . 


4.14 


/ 

O.S 


/o. 4 


T* 


^f/3 


.94.20 


.98-88 




42, 


A 0 




/ R 


T. 




34.4s 


3 V. 4s 


34.44 


4- 3o 


-f-x 

7 4 


7-7¥ 






34.7s 


j&js. 


.34.75. 



- 96 - 



APPENDIX C. 

TEST DATA SHEET NUMBER .23 
DATE 2 -tn-c , o 

TANGENT TUBE MODEL hOjThl BURNERS 
%• 3-'' ORlFlCECS), /y " FURNACF DEPTH, 2.114" FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE o_ °F > °F ( S~7. »T °F 

DRY BULB TEMPERATURE 6-Y b" T , ^ °F , kV-X' °F 

BAROMETER 29.S-3 "Ha ; 2f-fr-3 "Hs , Q2JL2 '‘R& 

REAR WALL STEAM PRESSURE. C " W& GAGE , SPEC. HUM. iT GgAiNj 

lb DRV AIR 



RUN 

NO. 


AH, 
“ H a O 


AH b 

"w«P 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


atVah 


trial 


1 


• 2. 


0 


AVG. 


/ 


73- ^ 


/yy 


*¥3G 


T, 


3&-«0 




3 6 <3 o 


3k SO 


7-5-0 




7/. Y ._ 


T* 


3S-3o 


7*7. OO 


3°t.f0 




X 


/*>. o 


ys.y 




T, 


3t>? «r 


Ob'iO 


3(t 70 


-ob.-yx. 






2/- 7 S' 


TV 


39- 3-0 


■39 3 


3 % oi" 




3 


i(*.y 


/<?. 2— 


y /o 


T , 


?S-To 


36 .rr 


76T5 


3 ssv 


2-S #" 


yrz. 


7 ©-as' 


T, 


39. xo 


3>>o 




3 9 XX. 


4 




9.o 


3.ry 


T, 




7ST37 


3ST7T 


3J-7S 


2-90 




2o.o 


TV 




39.X~> 


38-3 y 






n't 


7 ? 




T. 




BP. ST) 


1 st ssr 


ir.8-j 




T3-T 


nr.*f 


TV 


?2rT7 


3 Tyc 


3 ^r.^ir 


3 Jr.*// 


& 


to .y 


T.y 


v 


T, 


?^?o 


3P7o 


ior 


3-5-.1X 


% 3 S' 


5". /3 


/&>■ G 


TV 


3Sr/£ro 


ir.6o 


3a-. So 


7?r.Sy 


7 




/ 

5T3 


2?o 


T, 


?r. s-o 


7S~irO 


?r.ro 


3 rrho 


7YC, 


tT/<" 


/y y 


T* 


3S-.6P 


3^.65- 


38-66 


7 Jt.66 


r 


(o- 7 


yy 


7.r/ 


T, 


3s; tr 


3S7 6V 


3^6*7 


3P66 


7?7 


p 3 r ' 


/ 3 3 


T , 




■33-. (SO 


3S-.S3 


3 »-.G>3 


9 


-£./ 


3 : c. 


7-OA" 


T. 


?S~.30 


?S~.3o 


3SVSO 


3^30 


?.of 


py? 


//•/ 


T* 


33r. ?V" 


3 T.3s" 


7?r. 25“ 


3ST35' 


/ 

/<? 


J.p 


3.0 


/• 73 L 


T, 


3T.>r 


3 P >S“ 


3P7-P 


3P3-S 


3-OS^ 


s~sy 


%0>o 


T a 


3^.33 


3 5-.3S- 


?r. 3 o 


3r.33 


// 


. .-2-0 


1-0 


/•y/y 


T, 


3T ?o 


?y. 9o 


39 . 8-7 


3y Sy 


3u«r" 


5Tfe7 


Sc ou 


TV 


3^.or 


3<$r.c>r 


isr.ox 


?S"-cy 


/A 


>■ 0 


/. 0 


r 

/■oo 


T, 


3 / Y'Yo 


?yy& 


3^3 5- 


3y?a- 


3-30 


p ?-/ 


5~?r 


TV 


37 . 7o 


?7.?o 


37.65 


37. OS' 



- 93 ~ 



APPEND' X C 

TEST DATA SHEET NUMBER 4j£ 

DATE 3-n-to'. 

TANGENT TUBE MODEL BURNERS 

2-X ORIFICES //* FURNACE DEPTH, 2.114" FLOW METER 

AMB'ENT CONDITIONS . 

START FINISH AVERAGE 

WET BULB temperature sz.s~ °f ( SZ.S "F , 

DRY BULB TEMPERATURE *4jSL °F , °F , M. T-a>— °F 

BAROMETER , ^7-^3 11 He. 

REAR WALL STEAM PRESSURE. " We. GAGE , SPEC. BUM. -ST GRAINS 

»b DRY AIR 



RUN 

NO. 


ah f 

M H a 0 


ah b 

"W*0 


JE* r 


TEMPERATURE °C 


AT 

°C 


AT 

°F 


atVqh 


trial 


1 


2. 


3 


AVG. 


/ 


*?•?• 7 




H-H 


T, 


3?zs 


3 Ms. 


J&7.SZ) 


97.44 


%23 




/9'SS~ 


Tx 


?9- (i>o 


Vt-70 


39. ?0 


39.1} 


A 


/<f-7 


J2-£L_ 


4.4$ 


T, 


37.^o 


*>7.i X 


3o.rS 


31.10 


2. 3s* 


4.23 


t4.ro 


T„ 


39. sT 


39,5(2 


3£b sn 


3R:.S2 


3 


1 / 
fa.p 


A 6, 


A. /o 


T , 


3?, io _ 


3-7.10 


39.)o 


37,d 


2-4c 


At.SZL. 


y?.7c_ 




39, So 


7b. Gb 




39- ST) 


V 


s4. r 


f.o 


3-&/ 


T, 


37.oo 


37 acl 


37.00 


3lon 


3.4s 


4.4; 


/&.f 


T t 


39 As 




29,4s 






•3. ^ 


$.4 


P-sT 


T, 


97.rsr 


an. to 


39. /o 


37. 08 


4.4x 


4.3.6 


/67s^ 


Tx 


• 59.20 


3q.sz> 


39. a> 


-39. si 


_ 


/o.-s* 


fo.Z 


3. A 4 


T, 


37 os' 






37.o3 




A, 3 9. 


/¥, 0 


Tx 


3 9-45 


’3f‘4s 


39-Yo. . 


29,43 


r 


r.*t 


H. <? 


1 .9o 


T, 


%.U 


.56-70 


bl/ls 


At. !r >8 


£ So 


4.sz> 


/3 OST 


T* 


2x7./^ 


Pq.zs> 


2 q.-xn, 


pQ .,8 




1.3, 


•V. o 


J-4<? 


T, 


$L. 8 o 


AL.ZS 


si. 9 c 


y 0 .&g 


s>. 4 a 


4.3^ 


so. 9 


T x 


8< j.^E 


vq.3i> 


3q^n 


3 saff 


9 


4 - 2 L 


3,/ a 


2 . 06 - 


T, 


P Id -L 6) 




• 4 D 


$(o- (oO 


s So 


u ysv 


'P.3' 




2>9, to 


39.10 


39- io 


3q.io 


sr\ 


3-0 


3-0 


//9zl 


T, 


ik .70 


. V./oS 


31. U 


7J r L2 


► 

4?.^T6 


A.s'rr 


?*# 


T* 


PQ.'Xd 


39. IGT 


to io 


3q. IS 


// 


2-0 


2-0 


J-4l4 


T, 


3t. 3z> 


AL.3o 




31 . 2 s 


■ J.M 


4.57 


6 A 






(r 

38.3 0 


3? Zo 


3?.I ■> 




/ o 


/.o 


/ 0 * 


T, 


3S 70 


3s.(*S 


2S./ O o 


IS us 


jLJ2j4 


AXk. 


4.46 


Tx 


39. 4o 


• &3G 


JL l£ 


JH21 



-98 - 









. 






App E,[MP| ^ C.. 

TEST DATA SHEET NUMBER 
DATE ~g- /7-6o 

i 

TANGENT TUBE MODEL UJjTT± BURNERS 

3--?-" ORIFlCEfsT g./ FURNACF DEPTH } 2.114*’ FLOW METER 
AMBIENT 1 CONDITIONS 



START FINISH AV ERASE 



WET BULB TEMPERATURE 


g<s>.r 


T 5-^-r°F 

> > 


5~6>-^ 


°F 


DRY BULB TEMPERATURE 




°F , 6 S'. o 


T , 


O 


°F 


BAROMETER 




"Ha , .?:? gg 


"Hs. , 


-2.9.93 


"Ha 


REAR WALL STEAM PRESSURE 1 


" Ha GAGE , 


SPEC. 


HUM. 


GRAINS 



lb. DRV A>R 



RUN 

NO. 


AH„ 
* H a 0 


AH g 

"«*P 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


A tVSh, 


TRIAL 


1 


a . 


3 


AVG. 


/ 


2*. O 


/3. 7 


-Y. 9o 


T, 


37. 3f 


3 7. -VO 


372^0 


3 7.31' 


( • 77 


-?./? 


f £-.(*> 


T,. 


39. to 


39. tr 


39-20 


39. /S" 




n?r 


'2 2. 


•rwr 


T, 


3J. nT 


37. /O 


17 . / O 


' 37 . /2. 


l.v 




t*. 3. 


T„ 


39. os' 


39.0S" 


39.00 


39.03 


3 


/6>.Y 


?.6 , 


•q. to 


T, 


37. OS' 


3 7. or 


37-00 


3703 


/- 


3-y.L 


M.o 


T* 


3*.9ST 


3lrTS~ 


PS-.9o 


33 : .93 


4* 


/'V.6s" 


9.o 


313 


T. 


37. /S' 


37.tr 


37. /S~ 


37.fS“ 


1.90 


3.^ 


/3./ 




ST’.or 


39-0 s' 




39 or 


er 


/X-& 


J 

V 

* 


1 

361.' 


T. 


30. is - 


3 7-SMD 


37. '20 


37. /3T 


/•9l 




/2- 3 


T* 


39./© 


3930 


39-to 


39./ 0 





lot 




3.7-y 


T # 


3 71 ^0 


37.1*0 


37*20 


37 . 20 


/■n 




//. 7_ 


T„ 


39. to 


3 9. to 


3 %/ST 


39. IT- 


■7 


fr.4 


^~3 


XSO 


T, 


37 30 


37.30 


37. 3r 


37.37. 


/Ac 




9.9 


% 


39-20 


39.0-0 


3 9 '7-r 


39»2 


>r~ 






Z.G! 


T, 


T7Y20 


37.30 


3 7. P-S" 


'3 7 . pgr 


/.9o 


3. Y4 


•S', £> 


7. 


39 JLO 


« 

39. PC 


39. /S' 


39 . /<K 


? 




3.o 




T. 


37.tr 


37.10 


37. os~ 


3 7.10 


/•9o 




?. 0 


T* 


3900 


3?.<?o 


3 9.00 


39.00 


/o 


<3.0 


z.c. 


1. 732 


T. 


3 <0.-10 


3£.70 


36-6? 


36.65- 




3.>V7 


6.0 k 


t 2 


3T.&X 


3r.«o 


3 8--60 


3r.GI 


// 


3-,0 . 


l.o 


/•Y/^ 


T, 


3&ro 




3t*o 


3b 


/■4o 


3.-V1- 


^f:9r¥ 


T* 


31.3 0 


3<3r. 3 o 


31-9,0 


^Sr3o 


!?l 


AD 


LO 


/-CO 


T. 


3<otr 


36 OS" 


3 ^ -oo 


3 4P7 


Jt-.OO 


3.6,o 


3.G 


T* 


Itr Jr 


3d-, os* 


3<y.<ro 


3$ -07 



- 59 - 



4 



APPENDIX C. 

TEST DATA SHEET NUMBER JL£> — 

DATE ?-/9- 40 

TANGENT TUBE MODEL kJ rrM — _ BURNERS 

ORIFICE (S7, & FURNACE DEPTH, Z.U4" FLOW METER 

AMBIENT CONDITIONS 

START FIW5M AVERAGE 

WET BULB TEMPERATURE “F , &V,Q.. °F , °F 

DRY BULB TEMPERATURE y .. *F , <L>E5_ °F ' , 67 ‘? — ° F 

BAROMETER 3 f C .. 11 Ha , 2JL22. "H<j. , 22. 

REAR WALL STEAM PRESSURE. — L "WgGAGE , SPEC. HUM ^ 



RUN 

NO. 


AH, 
“ H a O 


ah 8 

“U t 0 


/a_u 


TEMPERATURE °C 


AT 

°C 


AT 

°F 


a t^Sh, 


V AH r 


trial 


1 


2. 


' 3 


AVG. 


/ 


7/ sx 


*3? 




T, 


3^- <o 


37.(0 


3“?. < 0 


37. ( O 


J 7-0 


6. 30 




4.bl 


T* 


40-60 


#^0. fro 


H'<?.6o 


ZfO-bO 




Ur.'T' 


6“3 


io 


T, 


3^bo 


3r.vo 


3ST K> . 


2£J£Q- 


3.6-0 


6. -VJT 


27.1- 


T» 


39,^0 


37. -YO 






** 


It,, y 




4. to 


T, 


*0 


3C2TD 


2£L££ 


-3S~ro 




<o.Sl 


^.2_ 


T fc 




37.^ysr_ 


3&3tSL 


•37-TJE 


vy 

M 


Ay. 4 


# 


j.yx. 


T. 


3S\Yo 


34.00 


3S7T 




J.fc c 


(o.sy 




T. 


,31. (io 


37. 6>3 


3<*,frO 


T7.fey 


__Z_ 

r' 




>?. O 


3.S"2 


T. 




3TT3o 


3£La©_ 


?ST3.^= 


3.70 


^>s. 




T* 


37. *!T 


37. 


37 .*x> 




g 


/■- 

lo.^r 


3. C 


j. 


T. 


sr.os 


?i ~-o<r 


3 r.or 


3 P 07 


3 . 7 ^ 


7 /-(£> 


Z3-3- 


T„ 


27. or 


37.0 3 


37 


37.oT 


7 






,2.9x 


T, 


3:T /o 


3<r.t <r 


3r. >0 


3£T/lT" 


l.7tr 


*7. /6 


20.9 


T, 


3?. /o 


37-/3 


.lAife. 


3^/3 


K 




2-? 


2.<r3 


T, 




3P/o 


3£T/o 


^‘T. / 0 


-4. or 




tv rr 


T fc 


31-/S" 


T7./S- 




37 .tr 


9 






J.o<; 


T, 


36“.or 


3i~.or 


3J>Tbs _ 


zr.of 


4 . to 


7-3^ 




T. 




39 rs^ 


3 7. /i" 


39. 


— 1 — 
/ n 


J?. O O 


!> tT^ 


/.731 


T, 


2-f.7<r 


7W9Y 


’ 3-Y iST 




4 10 




■ O.A- 


T a 


3?, A- 


■ 77 /r - 


"3% nr. 


? ?, /i" 


» u 
/( 


i.oo 


/. o 


l.HtH 


T, 


3*?o 


3>y 7o 


34~>o 


3>/.7o 


•f.3f 


7. G y 


/o,Vz 


T* 


37 . c>r 




: 3^.05= 


-. 37 or 


/2» 


A o o 




1 . oo 


T. 


TY.S-O 


34*. so 


34-SO 


- 3^gL 




7.9x 




T„ 


3 Sr 7o 


3S"7 C 


■ 3£7o 


3«^9o 


^40 



grains 
lb. DRY A4R 



- VO O - 



APPENDIX G — 

test DATA SHEET number JL2 — 
DATE 3- /*?- £o 

TANGENT TUBE MODEL UJ Q3± BURNERS 



?_!•' ORIFICE (s') ] to u _ FURNACE DEPTH, 2.U4 FLOW METER 
ambient conditions 





START finish 


AVERAGE 


WET BULB TEMPERATURE 


£o. o 


*F , g~.7-.a- 


“F 7 > 


sr&AE 


°F 


DRY 8ULB TEMPERATURE 




. T , 


°E , 


X 


°F 


BAROMETER 


a*?. 7?- 


.‘‘Ha , ,7?. 231 


b Hg. , 


n°f. ir' 


"H& 


REAR WALL STEAM PRESSURE — / 


" Uc. GAGE , 


SPEC. 


HUM. 


?% 



RUN 

NO. 


AH, 

B H a O 


AH b 

»w fc o 


fZ77 


TEMPERATURE °C 


AT 

°C 


AT 

°F 


mVqh 




TRIAL 


1 


z. 


3 


AVG. 


/ 


1/. 


0 * 




T, 


?6. 30 


3 b-lCL. 


36T0 ■■.. 


36. XO 


3 OSl: 


o~ 4<i 


cj.v£ 


4. b'T 


T* ' 


29. 30 


3 9UT. 


79«?© 


39V5T 


n 


n<r y 


5“3 


H 3V 


T, 


56-00 


36. (X> 


36. . 


7^. X> 


3./ <7 


7" OT 


^ JH 


T* 


39. 'O 


3 9.(0 


3 9,/o ; 


?t., ^ 


3 


Ko.y 




•i. to 


T, 


3C-c?T 


36.0 r. . 


3 6-0 r 


36 -P 2- 


f J.OJ 3 




s2£-$L 


. T t 


39//0 


3?.62_ 


39.(0 


3 ?- L2- 


M. 


' V Hi 

7 




3.a-y 


T. 


3t>-(o 


3k. lO 


*3&.!o 


36-/0 


. *3 . oo 


fr9 


^-7- 


T* 


79. <" (2_ 


39 r.G 


JLLUZ. 


79.(0 


fZ- 

r' 


/z. 7 


d.r 


3.T7 


T. 


36. A" 


7 6- fT 


7Q.ZO 


3G.n 


3. o S 




/jL £ 


X 


73.^0 






39.^0 


£ ' 




3.0 


3.uf 


T. 


?6->-r 


76. iO 


76 - ?T 


36-X3 


0.^1- 




_z^ 




3?; 7 0 


7 ^,30 


3^*70 


39 70 


• 

7 


% <r 




■■ ■ ■ / 

i.9x 


T, 


36-sur 


-P-T 


36. ^-O 


36>2.3 








T. 


?9.3o 


3<7.3o 




39 3-5^ 






J.O 




T, 




37 .. Ox. 


,3/t 


2>4.2o 


3Jlo. 


4T. 


/rL«' 6 


X 


2>9.&o 


.97 2x> 




39 ^zs; 


J 


7/ 


/, 7 


tP *06 ■> 


T. 


9i(j )0 


36 - /Z>. . 


3(nJJ2- 


j&Ljo— 


^/O- 




MS’S 


X 


P><j 


2R^lo. 






/ 

f n 


3. co 


„ ' x — 


/ 73X 


T, 


TiT- 


■>'3iT. ?r 


? .35'. y<>. 


Z3.5~ 93 


J.MT 


. JT^7- 




X 


34./0 


H<? o$ 


9-0.3. 




l u 

d 


Ji.OO 


- ' v — 
/ o 


/>y/v 


T, 


-B/T. -70 


JS'-.-zh 


\ 35LZA. 


J^3Z2. 




3~-S > S 


r.jp 


X 


3?. 9S_ 


2L3Z 


' -23- 9^r 


st-9s 


: 


/Z- 


!<Q0 




/o 


T. 




35.3i 


r 3 s-. -9c 


i3^M 


> 


- 6 /<z .. 


6 > ■ />— 




T„ 


-2&A3L 






3$>.7f 





- \C> I — 



APPENDIX C 

TEST DATA SHEET NUMBER 47. 

DATE 3-1.9 -Co 

TANGENT TUBE MODEL LUiAh. BURNERS 

3-^° ORIFICE (s) , /Y 1_FURNACE DEPTH, 2.114“ FLOW METER 

AMBIENT CONDITIONS 

’ START FINISH AVERAGE 

WET BULB TEMPERATURE s-^.o T > .49- O °F , °F 

DRY BULB TEMPERATURE °E , 44. 4> °F , OsSS °F 

BAROMETER ASL23. a LE JJA21 'Hg , 39.79 " He. 

REAR WALL STEAM PRESSURE. _7__ " U<i GAGE , SPEC. HUM.j££ grains — 

\t> DRY AIR 



RUN 

NO 


ah f 

11 H a O 


ah b 

"W t O 




TEMPERATURE °C 


AT 
, °C 


AT 

°F 


atVah 


trial 


1 


Z. 


3 


AVG. 


} 


A t.4 




46.3 


T, 


37. is 


3? r bo 


-3?, 4^ 


3 9. 6,3 


<^- <33 




/Y. 4 


T* 


39.77 ... 


69.7s 




9P. 76, 


A 


/7‘ 7 


V. f 


4.3.*, 


•T, 


3?. L P 


Jp.a,5 


39.6,5- 


39. 4> S 


ASS' 


4 os. 


''ZT 


T a 


3930 


393 d 


sa.Qo 


3 9.90 


3 


/6.J 




4.o9 


l ‘ ‘ 

T , 


99. SO 


31-To 


3i.to 


3?-^o 


A-AS 


</.os~ 


/4. 4 


T, 


4o.os- 


4cos.. 


/o. 




V 


/4. 7 




3 74 


T, 


37(n<- 


4?.st 


3 9. 45 


39.53 


A-34_ 


4s/ , 


' / 4>. 


T t 


3q. qs 


3G.8S 


39 7a . 


3937 


— j— 


' / 
/^. <£ 


3. 7 


4.S7, 


T, 


iy.os 


%'7-Cro 




t 

37.0b 


a-Ys 


4-4/ 


/S.7 


T* 


39.3b 


39.4s 


69.4s 


3q. 4j 


Yp 


-S' 


3- A - 


3.34 


T, 


3L/J5L 


^ * / 


30.70 


3A47A 

39-2.2- 


4. So . 


.4. so. 


/ 

^ . 




394. IS. 


3?.a^ 




7 


7 '4 


J 2 .£> 


% ?o 


T, 


34 j tS 


.3&.&3L 

-3>Qu5- 


3L. 4> o 








/g.y 


T, 


33- ±SL 


8 


<4.33 


U. .3 


J.jr/ 


T, 


3k. ST 


£>h. S'q 


. S 0 


3h 5^ 


c?£Z> 


4 so 


.JL^ 


T v 


39.0-S9 


39- o<9 


,_39.pg 


JPt. OA- 


9 


AtjL . 


-<=?•<> 


JtoS~ 


T, 

7, 


3&.Jio 

32.90— 


-3Aj4q 
2>t '.go 


.3A4o 


<34. vG 


lSL 




4 a- 


32. 9q 


«32.9o 


/a 


i.OC i 


/-T 


/■??*- 


T - 


30 7-0 


34 . .Too 


_E4.^2_. 

JLS^/s. 


34- Ao 
38-7-S~ 




«4s9 


Iff 


T, 


p3f , n.s 


is 


// 


<*? . 0-4 


/ o 


44/4 


T, 


30 m 


36. r-0 


^ A> 09 


34. A' 




T 


/o. £ £ — 


T* 


32 * to& 


37. AO- 


37 A o 


3^* ^ ^ 




/•on 


. 


/,<ro 


T. 


$S /.a 


2,5-. 6s 




A.SSs 


4-7S 


y. 


^f£l 


T, 




zLaq. 


3X2-5' 


373o 



- IOX - 



APPENDIX r. 

TEST DATA SHEET NUMBER X-Y 
DATE 3~- 

Tangent tube model ( xLnj ± rurnfrs 



. 3- 2 " ORIFICE (S') ffr 


" FURNACE 


DEPTH, 2.114 


" FLOW METER 


AMBIENT 


CONDITIONS 






start 


FINISH 


average 


WET BULB TEMPERATURE 


tyc - ' °f 


dFYo °F 


7 F°F 


DRY BULB TEMPERATURE 


43.r °p 


0 °E 


6‘3-Tr°F 


BAROMETER c 


22 7 0 “Ur. 


R7. 70 "Hr- 


3 ^ 7 O " Hr, 



REAR WALL STEAM PRESSURE.../ " He. GAGE , SPEC. HUM -VS^ GKAHS 



% lb DRV AIR 



RUN 


AH, 


ah b 


/ah 




TEMPERATURE 


°c 


AT 


AT 


at^/ah^ 


NO. 


" H a 0 


"W^O 


V 


trial 


1 


Z. 


3 


AVG. 


°c 


°F 










T, 


JA 7 5" 


21, 7iT 


3. 8r:r 


3/3 9 








/ 


2-b 9 




Hby' 


Ta. 


33. 7S" 


33-i-O 


33iT 


' 33.2TO 


1 2.0/ 


3.&X. 


/£>.?3 










T, 


3/^-s" 


3 A ?JT 


7/. 7o 


3A 7 7 










n. / 




^•3 7 


L T, 


37 . 9o 


33 V J 


7 7.^0 


33-S^ 


2*0 7 


3. 7 3 


/ (, 3 0 










T 

1 


52.S-S" 


3 a . 60 


72 6 r 


3a 60 








3 


/4.^S' 


-Yy 


^ <{ 


T, 


>/5'o 


3>/.s7r 


3^ 6 b 


3-/. 


■ /. Ys" 


3 . p/ 


/// >/-* 










T, 


33. OO 


Ti 


333-0 


37/3 






t A / * — L — *1 




JX/.lO 




3.ry 


T\ 


jr.oo 


~3T.ro 


3ST/0 


3 S7 0 7 


/. <r// 




y 3.-Y/ 






. ; 




T. 


33 3o 


3*3. 27 


33-30 


33 . , 5 ? 






— — — £-j[ — _ 




(Xbo 




3. TV 


T, 


3n; 


35~. >0 


» 

3 S~.a3“ 


— /- 


ays" 




/a .^? 










T, 


33. 3 3 


33 AA"- 


33. 2-0 


7 A— 

33 . a 7 










/c. 1'0 


3! x 


?•>>/ 




3r.?o 


3r. X5" 


? T72o 


3577^” 


a °tr' 


3 Ft 


//. stt 










T, 


33 AO 


2 ? 


33 . 30 


3 7. A3 








7 




_ 2 ^ . 


X-'t 0 


Ta 


33*. X) 


3r.>t 


3T.3 0 


3IT.A 4 


to 3 


34 a" 


/ 0 .C .0 










T, 


3 73 0 


33. XT 


33 . w 


33 A7 








r 


6-3 s" 


a-3 


2-57. 


T . 


3s: 3o 


3S~.3o 


-7S7?* 


3T.30 


2.o3 


3.6 Y" 


°i m 










T ,* 


33. ro 


33. ro 


37 . / 0 


yy.io 










... ^v 2 j£I 


2.0 


7 . 0 c 






3S~.?o- 


32TXO 


?s.ao 


2 . 1 O 


3 . 7 ^ 


2 ?<y 










T, 


3 3. OS' 


33 . or" 


3 3. 00 


3 3.^3 






- ■ 7 


fO 


3. 00 


Ltt : 


</< 73X- 


t 2 


3 S', /-r 


3S - (£- 


35“. 1 0 


3T/y 


2 (( 


3- yo 


& >7 








4 


T, 


3^3o 


?^?o 


3a . <*0 


32. 9 0 








// 


2-00 


Ao 


z-y/y 




3Toi- 

i. 


3r.os~ 


■?R P-T 


72TL o:T 


!./<>- 


3.<r) 


S 7 x /■) 










T. 


37 -70 


3X.7G 


pa. 70 ■ 


33.70 








/A 1 


/'Oo 




/.o 


T, 


3^3o 


3>/.9d 


3^90 


3-f. 9o 


.2 3-0 


3. Y4 


3.9 L 



% 



— 103 - 



APPENDIX C 

TEST DATA SHEET NUMBER _2<2 

DATE 3-?AOq 

TANGENT TUBE MODEL MjIjL BURNERS 
3-2*' ORIFICE^ . id " FURNACE DEPTH, 2.114’ FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 



WET BULB TEMPERATURE 


34.0 


“F S"3- 5- °F 


■S*3. C, 


T 


DRY BULB TEMPERATURE 




°P . °F 




°F 


BAROMETER 




"Ho "Hg 


, PY.70 


“ H& 


REAR WALL STEAM PRESSURE / 


. " U& GAGE , SPEC. HUM.. 


<4 Co. 



RUN 

NO. 


AH f 
" H a 0 


ah 8 

“««P 




, TEMPERATURE °C 


AT 

°C 


AT 

°F 


at^Sh 


trial 


1 


2 . 


3 


AVG. 


) 


23. 


•G-S 


'YS'S" 


T, 


3Y<x© 


37.^) 


34-00. 


347-P 


Lfc° 


2-8-*- 




T* 


3 s'- n> 


3s~T0 


3s ro 


3T.io 


& 


19.0 


67 S'" 


-*3 A 


T, 


32 .90 


33.9o 


3 3-93 


33.?/ 


/• 6 ? 


3.oV 


/3-^4_ 


T* 


3S^.(?o 


3f.6o 


3T.Ao 


3$7 60 


3 


/&.y 


•Y.>7 


-V. fO 


T , 


3Yor 


36*. 


3YoT 


3-4 oT 


JL'£2l^L. 


0-91 


/A. /T 


7 


3 jT.7o 


3 C“?o 


3T.7C 


37^0 




AY 7 


*Y. O 


3-84 


T, 


3-Y- fo 


347 T 


3^-0 




).&4 


x-*i r 


Y 33 


7 


3 r. 7 r 


3 *7 Sr o 


3r.7<r 


3T.7T 


5" 


A-7 


J. 6 


3.*r& 


T, 


34. TO 


3V- ST> 


?A-Tp 


34-TO 


/.£<? 


3-s-r 


10. os 


T* 


36-/c? 


36/o 


3GJ0 


36. /o 


A 


to. s'" 


J.o 


3-^4 


T. 


34 so 


3^.ro 


34.SX) 


34 TO 


l.&o 


2-<^ 


5- 33 


7 . 


3 &> /0 


36. /o 


l&(0 


3 6-/0 


7 




2-. 6 


2-72. 


T, 


7^i. 


3-4.30 


34 30 


77.32 


A63 




frr?.„ 


7 


3 6 . 0 o 


3s~-<rr 


3T.90 




S' 


£.35" 




2- To. 


T, 


34 3 o 


3V. 50 


34 30 


3-430. 


/GO 


■ / 

z-s^r 




7 


3sr:?o 


3S-.9o 


3S-.°to 


ST?o 






a.o 


Zosf" 


T. 




3*4 -/S' 


34. (O 


3-4/6 


h 60 


2. ST"" 


P-fC . 


7 


?r^o 


3S~-7a' 


3<T.2o 


7'r.ic 


/ 

(O 


5.00 


14 


/•’a 


T, 


3-y.or 


37<?o . 


??.?r 


34-00 


ho 0 


;j£_ 


-4 to 


7 


3 T. GT 


3S:(pO 


3S75X 


3576 0 


It 


2.-Oo 


!■ o 


hHH 


T. 


33 To 


33 “? d 


3 3.?0 


33.90 


h &o 


2 .^ 


4/.0? 


7 


3 S'. To 


3 S' TO 


3T.ro 


3s“f 0 


t X- 


)■ oo 


— - 


7 

Lo 


T. 


33-70 


33.60 


33.60 


33.6-3 


/. 


2 ^ 




7 


3s“ 30 


3S-R7 


3S7>o 


3^3 



— VO-4 - 










? 




appendix r. 

TEST DATA SHEET NUMBER 3/ 

DATE H*-/- Q_o 

TANGENT TUBE MODEL /U TAO<TT Rl IRKIFP S 

— ORIFICE (S) , — ^ — 1_FURNACE DEPTh ; 2.114" FLOW METER 

AMBIENT CONDITIONS 

Start finish average 

WET BULB TEMPERATURE & !■ X °F _ °p Gf-trs" °E 

DRY BULB TEMPERATURE 68t. T °f ’ o/. ^ op ’ 4 %&<£. °F 

BAROMETER 2SL9C2_"Hg. , < 22JZ3. "Ha } U?<?3 "Hr, 

REAR WALL STEAM PRESSURE U c GAGE > SPEC. HUM To grains 

lb DRV AIR 



RUN 


ah f 


ah b 






TEMPERATURE 


°C 


AT 


AT 


STx/oH 


NO. 


" H^O 


"w t o 


TRIAL 


1 


Z. 


3 


avg: 


°C 


°F 










T, 


“3P (0 O 


6 >o 


36.6* 


3 6. La. 








/ 


. 2 /. O 


r u A 


H. Tf 


T* 


HO. - 35 ' 


’ HO. do 


4 Vo.4cl 


+ V0.3Z 


3.7 6 


L-7C 


3t. / 










f T, 


Kv-i'T 


' 3 (,.70 


,$£• 7(9 


26>.7jl 










fsr.<^ 


Jt 0 


4f. 3 s' 


T, 


*c.tt 




76. -STD 


- - wr ' r — 

Vo. so- 


1 ?.fi-o 


c,-&/ 


;?.r 




/ 6 .Tf 




9 


T , 


: ?&To 


36 . 60 




26-60 




, ... / 




3 


0 _Po. 


*V.P7 


T, 




' '/*•</£ 


36.90 


Vo. Vs- 

.36.X r 


3.tr 


C 93 


2 ^: 1 - 










T, 


76. 


,36 ?o ' 










fV-lo 


To 


3 


T* 


4o.-)f 


Vc.Ro 


t 

Vo -fro 


w Y — 1 

^ 5 . 7 / 


> 

3. Jo 


7 OX. 


26.7 s" 










T. 


36-7‘T 


XV% 


^7. too 












f±dk£L 


/ <7 


3sy 


T, 


**!>.<? 0 


40-90 


/w.?r 




»«- 


7. If 












T, 


37. fO 


37 . or 


37. oT 


- 

37.07 






Aw .. 




/Q.S *0 




3.7-V 




H(. 10 


cW/. os - 


4/.oS~ 


H40 7 


V. 00 


7. 7“<9 


J>3. 7 










T, 


3 7.10 


3^/r 


37.7 0 


77 , t jr 








7 


•SC To 


— 


2-9 0 


T, 


'Y/./ 6 '" 


-V/ >0 


sif.io 




V. 04 


?.A? 


21 ,/ 










T, 


37. 3o 


37. 30 


3 7. 30 


37.30 






si! L 


S' 


6-30 




2 .67 




f 'Yo 


WATo 


^L*fo_ 


✓y/.'Tfl 


4f.±Q 


?• 3K 


^r_ 










T, 


37.3V 


3jy/o 


3 7.^o 


31.3 y 








_5_ 


-y. 20 


— 


Toy- 


_ T *_ 




H/.To 




«y/,r J 


Vtf 


9 , -Yi - 


/»5‘. 3 










T, 


T7- VC 


37.^0 


&Q .... 

37.3S~ 


J 2 .TH 2 . 
*9/. 6 0 








(O 


3.00 


— 


/■7D2. 


T * 


^y/. £ 0 


^0 


Wo 


7. S'5" 


/3 / 










T, 


37 . 35 - 


37 . 3 s- 


37 35' 








if 


Too 




f-Vf*/ 


T * . 




H/- 6 S~ 


W/-4. r - 


-y/ 6 j' + 


V30 


?.7^ , 


/07. 








/ 


T. 


3 7. x> 


37,/5~ 


“77. /o 


77 . 




x J 




I'L 


hoo 


. 


/■oc 


T *. . 


'H/GS 


**/• 60 


4/. ST- 


41.60 




Is.o r 


S ' 0 / 



- lO^S - 



APPENDIX C. . 

TEST DATA SHEET NUMBER. _2-Z 
DATE -4-/-G O 



TANGENT TUBE MODEL /T7+OP7 BURNERS 



noitnppfsb to" FURNACE DEPTH , 2.U4" FLOW METER 



AMBIENT CONDITIONS 

START FINISH AVERAGE 



WET BULB TEMPERATURE ^£_ OF " , < * h ° F , 

DRY BULB TEMPERATURE 71, A. T , 7 °- ^ °F , ?<?• 7 -i 

BAROMETER 5ja2."H». , &L53 . "Hs > 23b±A 

WALL STEAM PRESSURE. — L ' Uc. GAGE , SPEC. HUM. 



°F 

°F 

"VLj 

lb DRV AIR 



RUN 

NO. 


AH, 
“ H a O 


AH. 

»U t 0, 


fr^A 


TEMPERATURE °C 


AT 

°C 


AT 
°F ‘ 


m>/ah 


V AH r 


TRIAL 


1 


2. 


3 


AVG. 


J 


X3l O 


o 




T, 


3 7. 90 


37. to 


3 7. 9 0 


37.9T) 




s~-^r 




H*. 70 


T* - 


8T' 


AO. SO . 


^O.yo ' 




. — Z 11 

2 


l°I.O 


3. S~ 


A. 31, 


T, 


38 'VO 




J2T.X5 i 


3-sVY 






73. t 


T x 


Al.oT 


AUG~ 


^//.^O - 


A 1.13 


c 3 


H.y 


3.0 


A.I o 


T, 


3trAO 


78T.AG- 




3&AS 




^•3 


Xf.-) 


T x 


A 1-3 s' 


At.Ao ■■ 


ALAS' 






/>/ 7 


X o 


3T>/ 


T. 


3rG o 


3S-.G0 


Sfr.GO 


3T.0>O 


J.oo 


# 

£aL2- 


2PL2- 


T x 


A /.GO 


Sj i, bO 


SM,(*0 


Sf( t <bO 


_Z 


. /t7j — L 

IX (c 


/. o 


3.SV* 


T. 


ir.^nT 


3r.s-r 


3T.AS 


38r.SJ. 


3. CW 


5~-A 


19. H 


T x 


A/' GO 


S"&" 


also 


51 • S"fc 


£ 


(o, r' 


' — 


3.jy 


T, 


33 -A O 


3ir Ao 


JT-AO 


og-.ao 


3.0 




r> y 


T x 


W/,^fT 


At, A S' 


A /-AS- 


ala r 


7 


gr.V 


— 


/ — 

2-ro 


T, 




IGT.'t'T 


?r.s~© 


xst.aT 


3.o 3 


s-.a-T 


ts'-ZL 


T» 


ALAS' 


At.&O 


At, To 


At. A3- 


j. 


*< ■ 7 

6.3 


— 


tS7 


T, 


3r.G0 


IT. bo 


3 S' ■ Go 


33.(00 


3.oo ’ 


1 

67AQ-. 


/ 3.G 




ALGO 


(H'i.CoO 


ALGO 


Sfl.frO 


9 


#*/. 2 


« — . 


2.os^ 


T, 


3 r 5s' 


3T 55 


'3T.GS 


isr.b'T 


3. 


' S'. A9 


//• A 


T x 


■f/jo 


At. ?o 


AI.->0 


A(.7o 


/o 


1 ***■ 
3-o 


— 


A73Z. 


T, 


?r 7 o 


38-. 7o 


35-.70 


3S-.7o 




A ' Vo 


^.3G 




ALIO 


A/. ?C 


«*f A 7o 


snno 


3.oo 


ll 


2.o 


— 


I.AIf 


T, 


3Sr.T 0 


i 3**.^ 


3 #".'50 


3 avyr 




6^s"^r 


7. 


T* 




alts' 


ALSO 


A-I-SS' 


3,f o 


12. 


A 0 


— 


l.oo 


■ t: 

T. 


3<r.oo 


3 ?.?r 


37.90 


37,<?tr 






o 




AL3o 


W /.<x^ 


' Ah XS 




3?^ 






- IOIp - 



APPENP1X Q 

TEST DATA SHEET NOMBER 
DATE ¥-2- ' ‘ 

TANGENT TUBE MODEL BURNERS 

6Ljl1 ORIFICE O) , !1_FURNACE DEPTH, £.114" FLOW meter 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE 6>/.a *F > SjZiA L. °F S'?. 4 °F „ - 

DRY BULB TEMPERATURE 6 9. O T , 46.S* °V ' 4£l2£. °F 

BAROMETER ' 3*. 3$ 3clS3. n H«. , Jb-33 "u.r. 

REAR WALL STEAM PRESSURE 4. " U& GAGE - SPEC. HUM 

* ' lb. DRY AIR 



RUN 

NO. 


AH, 
M H a O 


ah b 

"H*o 


JEh, 


. TEMPERATURE °C , 


AT 

°C 


AT 

°F 


atVSh 


trial 


1 


■ z 


0 


AVG. 


/ 


... 


llL 


VC, 


T, 


. 34, tr, 


JP* 640 


A&9S 


33 . 9 ? 


4 4? 


l./S 


dbr/S 


T* 


4/o. So 


36.4s 


364b 


36. 4s- 




/9.o 


7 

$.0 




T, 


A 207 


.3 4.00 


'3 407 


32 0-7 


4-/3 


1.3/ 




T x 


36 , So 


3 6. So 


3,6. SZ> 


/ 

36. so 


3 


21, ,0 


as 


1./2S 


T, 


H,o 


34/0 


Sp jo 


34/o 


4.4? 


lYs 


1-3ST 


V 


3&. 


36 S 7 


36 54 


36-SV 


4 


2Lz . 


2-A 


33 1 


T, 


34. 2S 


3,4.30 


34.3S 


— — 
34. 4o 


~ 1 / 


4.36 


//. / 


Tx 


*><<.70 


36. 7 0 


36. 7S 


36. 70- 


_£ 


t 

o2A 


/.S 


3-SS 


T. . 


24.40 


34.4o 


.14- 4o 


24.4o 


-J.4r 


44/ 


/S £ 


T x I 


36 ys 


36.7 S 


36. i VT 


36 . 


> 


/o.S 


/•o 


Ja± 


T. 


24 IS 


24 So 


3/so 


34.49 


4/X 


1.32 


/4- / 


T*, 


36.40 


36. ?o 


36.?o 


34 . ?o 


_2_ 


-Lit... 




SLUo 


T. 


41, Tn 


3V-SS 


.3400 


3/sS 


4-4.3 


4-31 


;9. 4 


T, 


26,4S 


36. fS 


37.<h> 


36 93 


2. 


4.3 




IS/ 


T, 


3lsS 


3lSS 


3/sS 


J/.m"' 




fa 


/" 

// 


T x 


34. r» 


39-oS 


J7. 


39.0.3 




jL 2^_ 




c?* 


T, 


34 So 


3l sr> 


34-So 


3/ SO 


2. So 


l.So 


f. 3 - — - 


T„ 




3?- ft? 


37- tv 


37.™ 


zc 




. 


6232. 


T, 


34sz> 


34 ss 


34. SS 


34 S3, 


Zlo 


/s?) 


1 ./ 


T a 


39. 0-0 


3'?. Os 


3 0.0 s 


37. 03 


// 







*-'v 

2,1/4 


T, 


9,4. 4o 


3137 


3/34- 


31..37 


J-SS 


4 £9 


6. S' 


T x 


v>C.9S 


f 

3L.1> 


2,6.90 


% .4> 


z^_ 


-jL±£ 





/. <rz> 


T. 


322LL 


33.7 o' 


i'bnl 


33.71 


4-7r 


die 


/■/s' 


T. 


i 


/ 


* f M 

3LS±. 


y~ ■ 
36. So 



-lOl - 



APPENDIX C 

TEST DATA SHEET NUMBER 3~-V 
DATE ^--a--£o 

TANGENT TUBE MODEL <4 rm<? OT BURNERS 

QRlFICEfS^ Or 1 ' FURNACF DEPtw, £.114” PLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE SQ.fr- T , £fro °F , €2 l2_°F 

DRY BULB TEMPERATURE 66- Y~ °F , Ujr'T , 6±±4 °F 

BAROMETER 3 0-33 '’Ha , gp.33 "Hg , 30. 33 ” Ha. 

REAR WALL STEAM PRESSURE. __L_ " He. GAGE , SPEC HUM. 4JC ggaNS — 

lb. DRV AIR 



RUN 


AH, 


AH. 


uSh, 


TEMPERATURE ' 


s c 


AT 


AT 


ATv/AH 


NO. 


M H a 0 


”H t 0 


TRIAL 


1 


2. 


3 


AVG. 


°C 


°F 










T, 


34.64 


34. 64 


34/64 










/ 


Si/. O 


3\iT 


4.4/ 


T x 


36 -6 o 


76-0o 


3G>. 6 o 


76-60 


/• 9S~ 


3: S'/. 


/ 6. / 










T, 


39.40 


34.&-0 


34-30 


34-BO 










19.0 




4. 36 


T* 


36-24 


3G-7f 


7 6.74 


36-7 4 


/ 9<r 


3.E/ 


/S'. 3 










T ,' 


34ov 


34-00 


3^.oo 


irroo 










tb.y 


2.0 


4.io 


Tx 


3 644 


36-94- 


3£.?S~ 


36-94 


/•9P 


3.S/ 












T, 


35~^S~] 


340-4 


34X4 


3434 




1 






m 


!• 0 


3Xy 


Tx 


37. X> 


37.^0 


37. >0 


37.A0 


/-9 5" 


3 .r/ 


/o. r 










T, 


3<r.?o 


3^*70 


74.30 


34.30 








6^ 


n-c. 


— 


3.57T 


Tx 


37. *2T 


3 7.*S~ 


37. X4 


77>4~ 


/.‘Ti" 


a ev .. 


/A-T. 










T, 


?r.3o 


34.70 


3434 


34.73 








G 


(o.^~ 


■ • 


7.74 


Tx 


323 o 


37. 34 


37.34 


7733 


7.0o 


3. Cs> O 










/ 


T, 


3 S'.DT 


3S>/o 


74- 37 


IS'. 37 








7 


S-.y 


— 


240 


T* 


7 r. is- 


37. -4D 


77. 3 r 


77.77 




3, Go 


10.4 










T, 


3SS/Y 


34-44 


74 i SO 


34,47 








r 


6-3 


— ■ — 


4T/ 


T x 


37.44 


37-^YS 


’ 37. SX> 


27 


<2*00 


3.G o 


7. U 










T, 


34. so 


3444 


34.0-4 


STT'Y? 














2 Ob- 


Tx 


37. So 


37. 4 S' 


37.0-4 


37-04 


<2.0/ 


.3,62-. 












T, 


34.7-4 


347-4- 




3404 








to 


3.o 


— * 


/• ??i 


T a 


37. 3<T 


37.3 S“ 


37.3 4' 


7 7.34 


2-/o 


?.?/r 












T, 


3T. (o 


357 (o 


3 S“Wo 


37.(0 




« 




u 


2>o 




L Ht£f 


Tx 


37. 3i- 


37 sir 


37.^5- 


37. AT" 


^•/3- 


3.%7 












T, 




34-74 


14.1 o 


3^75” 






- 


U 


/. o 




/■OO 


T x 


37 JO 


37. or 


27. oo 


37.or 


200 


4. /y 


4 ./ 4 



\.o%- - 


















* 




APPENDIX C. 

TEST DATA SHEET NUMBER JJ . 1 

DATE V- 3 - 4 ..°. 



TANGENT TUBE MODEL CXJjJJl&I+L BURNERS 



s/.l* ORIFICE' (&) . 4=L FURNACE DEPTH, 2.114* FLOW METER 



AMBIENT CONDITIONS 

START FINISH AVERAGE 



WET BULB TEMPERATURE S?.oo “F , °F , TfA-J - 

DRY 0 VJLB TEMPERATURE < £££- °F , &7ZS L °F , 

BAROMETER "Ha. , B H&. , -3o3 2_ 

REAR WALL STEAM PRESSURE Y " H& GAGE , SPEC. HUM . 



°F 

°F 

"He, 

j£Z. 



GRAINS 
lb. DRV AIR 



RUN 

NO. 


AH, 
" H a O 


ah b 

"HjO 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


atTgh 


TRIAL 


\ 


z 


3 


AVG. 


/ 


Aj.o 


3. 7 




T, 


Zr.S- 


3 S.S 


3.5: J- 


3S.S 


/ £> s 




/SA 


T *. 


fr.i-r 


3 7. 75 . 


.3.7 SS. 


37- /.57.. 




/?.<? 




4.31 


T, 


Js.sA 


AS. 6,0 


3s. Qo 


35. S3 


/.&S 


2- 7 


/$. 0 


T x 




37. 36 


37- 2Y 




3 


A&.f 


i/ 




t’ 


/ 

3S- 70 


AS. Vo 


.AS. 70 


3s7m 


/SS 


JL&_ 


/2 7- 


T„ 


37 3JT 


37.3S 


27- 3Y 


37-32 . 1 




/A- 7 




$. ?f 


T, 


As. vsr 


3s>j5 _ 


ISSlS. 


3$?s 


/.3Y 


/ 

A-TJ- 


//£- 


T fc 


37.^ 


■A7.d0 


/ 

27-.4q- 


3^./g- 


£~ 


/A-b 


/ 0 


S.SY 


T. 


4S.S* 


3S.9P . 


2sYo 




/AS_ 


/ 

z,Z?~ 




T, 


3 7. Ss 


37- As. 


3 7 As 






/„ 


/O.S- 




2*4 


T. 


AS &n 


6SS-0 


Sts So . 




/•^ 


/ 


# 


T* 


?•?. 4 S' 




AtY* 




—42 






s.?o 


T, 


- - / 
SSYs 


2S.?o 


SSSS 


3sjsl 




/ 

2l£_ 




T, 


37. Sn 


A*7,JTS 


A7.Se 


/ 

12*22. 


—h 

7 


L- & 




2.S/ 


T, 




v / 

3s. 70 


3s.be 


3SS0- 


.CjZ3 


3.o 3 




T, 


2>7,SZ} 




^7-Jb 


32 




Q 


V*x 


• 


S-os 


T, 


3S. 7S 


35 - 7 S 


SSL 7S 


3S_2SL 


. /u?£L- 


2- iiC 


/ 

uAsl 


T„ 


.3 7. 57) 


a 2j3l 


3?PZ> 


3p.SZ> 


—.Z. 

^ <s> 


3 . 0 




/■73x~ 


T, 


3s.io 


,3S.(s>0 


3>s £g_ 


2S. D>Q_ 


.l-.£a- 


3 2-4- 


Y.Z 


T a 


37- 4o 


27.4-0 


37- Ad. 


3v-4o 


// 






fy/4 


T, 


9s. Aa 


Bs. f4_ 


£S. 4o 






' .3.33 


T/.7 


T* 


37-9$ 


_22Y£ 


: 3?J£ 


.^L2SL 




/' <? 


- 


Ace 


T, 


3s £k> 


3)5- / $ 


2Eto 


3 s. /Y 


/. 97 




: ff4T£' 




2?-/S 


37- /o . 


37 to 


27. 'S 



- \OQ - 



APPENDIX C 

• TEST DATA SHEET NUMBER 
DATE - 4 - 7 - 6,0 

TANGENT TUBE MODEL A l£n± BURNERS 

ORIFICE fsV C, " FURNACE DEPTH, 2.H4' FLOW METER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE ‘F ( - 5^5 -,°t °F , = 5757 & “F 

DRY BULB TEMPERATURE 6>*~. T °F , j °F , G^r. S< °F 

BAROMETER 3JL ~!± M H». , ’• "Ha , 11 Ha. 

REAR WALL STEAM PRESSURE U a GAGE , SPEC. MUM. -W<K Gg*!*? — 

lb DRY AIR 



RUN 

NO. 


" H a O 


!• 2* 

o « 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


atVqh 


trial 


1 


2. 


3 


AVG. 


/ 


W-3 


«Y. O 


7- 


T, 


3^70 


■3S/.7D 


■7S/.70 


■3^70 




570^ 


23-7 


T* 


37 srt> 


37 ro 


17. To 


-?7.ST> 


A 


/9.0 


3. 7 




T, 


j^oT 




7-Y £.5- 


3&c<xr 


%-zr 


»‘ ' 

6 73 


Ai.W 


T x 


37. SO 


3?, rp 


3 7,ro 


??.STD 


3 


LG-9 


_2=_ A . 


V</ 


T, 


J*r>o 


37/.6^T 


^V-rr 


3-^6 3 


2-g^V 


G7// 


77. <7 _ 


T x 


37.ro 


3 7, TP 


37. Yo. 


37/Y? 


•i 


/¥.r" 


3.0 


z.m>" 


T, 




3Y.6 7 


3^Ai" 


7^*6 




s './ 7 


n.9 


T x 


37 -50 


37. SS" 


37> TO 


37,$3L. 




LX,-) 


7 


3.n 


T, 


2^2P 


3^ ?r 


7^7 Q 


■3Y.7-L- 


A. 9 c? 


/ 

^r. 7-x 


ISr.O ■ 


T x 


37. to 


?7.<i^r 


77,CrO 


7T7.0 2- 


G> 


10. 7 


,2V 


3. AS" 


T, 


3 V. Srb" 


3^.90 


3X/..90 


3^-irr 


X-9f~ 


S' 3/ 


l7.4 


T x 


37 .«? 


37. nr 


37. *3" 


3?,*3 


? 


s-.s" 


> 

.A O _ 


P.9'7- 


T, 




3^.or 


TT.017 


3EOT 


5.-9S" 


-•/ -r 

fT3/ 


Y- 

^ ' 


T. 


3*:oo 




75,00 


*??.oo 


r 




G O 


2S3 


T, 


3Co s~ 


?Tc?S~ 


-rr.or 


7S3oV 


3-Oo 




O. 7 


T x 




3&^r- 


.Tr.&'T 


TS-.OD 


? 


/ 

'i-X. 





-2.0S" 


T. 


?C. fo 


7C(0 


7T/0 


"sSTO 


3.oo 


'Tr 'O 


// / 


T x 


3sr.to 


'^r.ro 


3%~AQ 


TS'YO 


T 

to 


3.0 





/•T?A 


T. 




3^,(0 


TSTlI o_ 


3F, ( o 


3 .c?sT 


h~r<f 


9.r- 


T a 


3i~.(s~ 


?r,nr 


38rw5" 


7fr7/y“ 


1/ 


Z'O 




/-W 


T, 


3?T.Oo 


3Y-TS - 




3Lt.9TbL 


3 /S 




ir o 


T * ; 


3^.(0 


3VTOT- 


TS'CS" 


X &-.<£■ r 


/X- 


ho 


— 


/ 

/ £> 


T. 


3Y. <^0 


sY-nr 


3V- 5To 


3Y.TT 


a 3o 


l€2^1 . 


6~4y 




37.9c 


3~7.yr 


37. 


37^s~ 



-HO- 



APPENDIX C. 

TEST DATA SHEET NUMBER 
DATE -2 5- Co 

TANGENT TUBE MODEL ^ST/ALaSlL BURNERS 
SAbA ORIFICE (S') , A> " FURNACE DEPTH,* Z'S 14” FLOW METER 
AMBIENT CONDITIONS 



START FINISH AVERAGE 



WET BULB TEMPERATURE 


•£ 2L£_ 


•f , sr.£^ 


T 


J'-r.s- 


*F 




DRY BULB TEMPERATURE 




°p , Al.c>.. 


°F 




°F 




BAROMETER 


■JdOO . 


."Ha. , 


"Hg. 


, •StLza. 


"Hg 




REAR WALL STEAM PRESSURE 7 


" U* GAGE „ 


SPEC. HUM. 




grains 



f lb. DRY A)R 



RUN 

NO. 


AH, 
“ H a O 


AH, 


-J&3, 


TEMPERATURE ’ °C 


AT 

°C 


AT 

°F 


atVah 


TRIAL 


1 


2. 


3 


AVG. 


/ 


2-1-1 


¥° 


4.A. 


T, 


34. Ax 


344i> 


34o-o 


34.47 


4 . 3s 


4-0.3 


/9-sS 


T x 


V.fo 


37,70 


34 7 s' 


96 2 P- 




14 o 


3,4 


4 

4-3(* 


T. 


346 S’ 


s4xo 


34.73 


34- 7o 


4 . 3 s 


4. 4 5 


/44S 


Tj, 


37-00 


.37.05' 


3770 


37-64 




A.ss 


3-^- 


s„ 


T , 


34.33 


34,9o 


34-74 


-34.3.0 


3. 57 


4tl(c . 


/7- S~ 


_T fc 


37-3-0 


37.3a 


3>7 3q 


37-7-7 




Ms 


o 


7 vs~ 


T, 


3^, 4s 


3 S' 37 


<sj>~:3s 


3X3? 


.2,36 


Ass' 


¥ 4 . 3~) 


T* 


37 To 


37.2- 


3370 


37.7-X 


JT 


424 


2- 7 


.?SS~ 


T. 


A V. J7 


33-77 


24 


34.77 


2.4? 


-4.30 


!6.?A 


T* 


37. 3>n 


37 30 


37.30 


37- 'do 


£ 


AX A 


/ 

4?s 


skzi 


T, 


54 A 0 


3s q& 


Js-00 , 


?4-?7 


2-44 


4-3°! 


/V- *- 




3?-4o 


37-47 


S?-4o 


37-4/ 


7 




0 o 


2.9^ 


T. 


23.00 


2 s-.no 


3S.00 


3660 


2 -S& 


A. So 


1247. 


T a 


37SZ> 


47 50 


30 . sz> 


37 sv 


i 1 




AS 


34Z3 


T, 


M.s4> 


3*f. Ao 


34. fo 


34-Xo 


2- A3 


4-So 


K. 


T ., 


% 7 - a» 


47-36 


37-34. 


3733 




4,3 


LO 


1.-0V 


T, 


3 4 ?0 


34- 70 


3.437 


34:7G_. 


2 bo 




0-7 A. 


T. 


243o 


37-3o 


37. 3o 


37-3° 


. /<? 


! 

3-0 




/ 733- 


T, 


s4-3o 


34, 3o 


74 34 


<4.37- 


X(o! 


4-~>o 


s-.tA 


T v. 


%4A 


fC. ?o 


3 A 24- 


30. r 3 - 


1 

// 


0 




7-4/4 


T, 


34.27 


34.4s 


34. 9 0 


32-44. 




67/7 


7.1-R 


T* 


)S.7o 


35-7o 


36.73 


3S.7J 


/e* 7 


AS— 




\ V 

/■ooo 


T, 


,37.9a 


4240' 


2 z 76 


32.7$. 


?-?p 


5! J-P- 


9T. >1- 




/Z-XT? 


.43-70 


hS-To 


3X72- 



APPENDIX C 

TEST DATA SHEET NUMBER T 

DATE V-33 -Go 

TANGENT TUBE MODEL BURNERS 

r *v% 

ORlFICEfsT /Y " FURNACE DEPTH, 2.1 14’ FLOW METER 

ambient Conditions 

START FINISH AVERAGE 

WET BULB TEMPERATURE ST. o °F > «r7. o T > t T? - S'" °F 

DRY BULB TEMPERATURE <*<6 • ° T , <E£l±L °F , < ^S~ 7 ®F 

BAROMETER 3e?>go "Mo. , ?0-0£> l, H a , ?o.oo "Ha. 

REAR WALL STEAM PRESSURE _Z_ " Uc. GAGE , SPEC. HUM. -5~T GRAINS 

lb. DRV AIK 



RUN 

NO. 


AH, 
" H a 0 


ah 8 

"«*0 


JEvt, 


TEMPERATURE °C 


AT 

°C* 


AT 

°F 


at>/ah 


TRIAL 


1 


2. 


3 . 


AVG. 


/ 


77- / . 


o 




T, 


37. -to 


33,90 




7 3.93 


/.£**- 


3.75T ‘ 


/-S',/ . 


T* 


yr.yo 




7r.SrO 


■js-.ir 


_ X 


/9. 0 


3. s" 


#7U 


T. 




3^.(0 


”?Y/ o 


3^,a . 


/‘^ 


3, P T 


/y 3 


T„ 


<vr 


P5~.?o 






3 


(6>J< 


_a.x 


(L 


T. 


3’V.XS- 




-Tx/.xr 




/•$*" 


7.33 


737 


T, 


0 

ft 


-36.(0 


76-10 


7lr. to 




Mf.ro 


3. O 


3.*<r 


T. 


3m. ~>r 




7Y.PS- 


-W.XS~ 


/•&<£ 


3.3 3. 


J2i.8r 


Tx 


36 lO 


76, te 


36/0 


3 6/ a 




/x.?o 


X-T 


i.r-> 


T. 


3-^7© 


7 y-Yo 


7-yyb 


7^3? 


f.r/ 


3. AG 


U(ob 


Tx 


76- P" 


36^0 


i;io 


36. /hr 


& 


io.io 


5-X 


3. AT 


T, 


(0 




3X/./0 


3^zp 


/■try 


3. 3&^ 


]< / 


. Tx 


3i>VfV 


36.00 


36-0-0 


sS'-'J’Sr 


? 


S~.ro 


5.0 


a.? a- 


T, 


?Y. <rp 


37. ?o 


37.?o 


33-9*3 


t,f 2. _ 


3.7^ 


(0-1 


T* 


7V*iro 


“7^-jrr 


ttxO 




g- 


G-Ho 


/. iT 


3 .>“3 


T, 


37. *o 


33. 9c> 


33,9 0 


3 390 


/■9/T 


7- 5~ / 


y.9 


T x 


3<r,^s” 


7ST.8-S- 


-rr.&s- 


7r.^e~ 


? 


^■3o 


/, O 


X OT 


T, 


3Y,A© 




3^X0 


3S/.20 


(90 


7,-YZ- 


7. 1 


Tx, 


7 6-lb 


36. CO 


Si.io 


3G4b 


/o 


3.oo 


— 


/•?3<L 


T, 


&+.<o 


7^ 'O 


-?//./ o 


3^.10 


l-^o 


3YL 


<T.9 


T* 


3(>.oo 


*76-00 


-36.00 




(( 


3-.Oo 




/.-Y/y 


T, 


33^0 


37-^ 


33*0 


73 .fro 


X-Oo 


"3.6o 


• --/ — 
<T/ 




Tx 


7 r.&O 


"SiCSO 


sr.'s o 


7P.ro 


f 2- 


(.oz> 


— 


f.O o 


T. 


3 3,Y<2 


37-3<r 


31. 70 


37 3i" 


X-Oo 


3. Go 


3.C 


Tx 


7TTo 


3 ^T3r 


3r.?o 


3S735T 



- VV2l - 



APPEND!* C. 

TEST DATA SHEET NUMBER 37 . 

DATE O 

TANGENT TUBE MODEL U>m4 BURNERS, • 
df-X-" ORlFlCE(s') 1 UT u FURNACF OEPTH > 2.114” FLOW METER 
AMBIENT CONDITIONS 



START FINISH <- AVERA&E 



WET BULB TEMPERATURE 


-T>-° 


“F 5"7- V 


•F > 




°F 


DRY BULB TEMPERATURE 


6 STY 


°F , 4>_5" ■ H 


°F , 




“F 


BAROMETER * 


?aoo 


l, H». , ?<3.00 


"Ha. . 


32-00 


"H* 


REAR WALL STEAM PRESSURE / 


> " 

" GAGE , 


) 

SPEC 


. HUM. 


S-7 



Ib.DRY AIR 



RUN 

NO. 


AH, 
“ H a 0 


AH„ 

"H*0 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


mVah 


TRIAL 


1 


2. 


3 


AVG. 




(XI. U 


4.0 


d-.S7 


T, 


3^.30 


7-770 


7-* 3? 


?v?/ 


a S^> 


?*3 . 


73. 0 _ 






v?^8rS~ 


3SV £ ?» 


7i'-s-r 


* a 


/&.r 






T, 


7d-7o 


37 . 3 r 


37/7T. 


3Y-23 


/->'r 




/!•/ 


T x 


T&TS-S" 




■3<r.90 


3sVsr 




Zfc- ? 


1.0 


4n 


T, 


3>F. Ye? 


7-H-bS- 


7d.8S~ 


7*/. 7 7 


A jTo 


2:70 


//• / 


T x 


7S..-/P 




7<Z-75- 


-2C.33 






2,7 


3- rs." 


T. 


7d9o 


I'YXo 


Ttdto... 


7 d-9o 


A 5^0 


*• ? o 


(O.*/ 


T*. 


7<o-do 


76.dV 


76 -Yo 


7bdO 


...5". 


ix-t. 




Trf 


T. 


7/.9o 


37f9S~ 


17/lT . 


ld,93 


/aj¥_ 


2-?? 


7.^5“ 


T x 




“?^5-o 


36 4^r 


30-/? 


G 


lO. (o 


2-0 


TX 


T, 


77. 


?r,oo 


77:00 


7/. 9 Jr 




2-7 7 


9.0^ 


T x 


TCSTT 


rt> 


7 C~5t> 


ux.sx. 


7 


b.sf 




2-9o 


T. 


3Y<?<? 


34^? S~ 


7S7&o 


-zYrtr 


y-sTT 


a-S-7 




T. 




76-5-5- 


3AT 


76-73 


s- 


(o.J/ 


L O 


2 >57 


T, 






nsr.io 


7/OS- 


! * G> o 


7. 


2 A?. 




? 6 .<iO 




34.7o 


36- 6 ^"“ 


? 


4 7 




2 . Ob' 


T, 


37YO 


3Y-«F© 


7r/.io 


3*r.yci 


,7 0 


?.c?4 


0-7X 


T x 




”7^. So 


3i>-ro 


'Z&.S'c 


/ O 


/ 

7. Co 


— - 


/■77X 


T, 


<?. 


ndiSrO 


3d*, fro 


7d.ro 


(.70 


s. 06 . 


^?D 


T* 


7C.S-0 


70-TO 


~ 3 <&S ~0 


36 so 


ii 


1 -co 


— 


LH4 


T, 


3^<r 


7/,CT 


7/.C>~ 


3#J& 


1.6 ~ 


2A7 


d.to 


T* 


?C-3o 


- 3.6 no 


■74.-30 




it- 


1 . o> 


— 


/■oo 


T. 


^ :?0 


77/30 


3V.*?o 


7*A?0 


(.7 0 


?.o 6 


3. o& 




36.00 


36. ©o 


?4*Oo 


74.00 



. - AR PENP .. 1X .. - C - 

TEST DATA SHEET NUMBER /d 
DATE 

tangent tube model U46L BURNERS % - 

4-&" ORIFICE (S') IlFURNACE DEPTH, 2.114* FLOW MILTER 

AMBIENT CONDITIONS 

START FINISH AVERAGE 

WET BULB TEMPERATURE £jz i.T > S~2*oL °F , 

DRY BULB TEMPERATURE ±sA. °F , 4 °F , V 

BAROMETER <*> * “tin. > ,3b . oo »H s , ^d,<w9 ‘’Ha 

REAR WALL STEAM PRESSURE _Z_ " Ws GAGE , SPEC. HUM. ^2 G£A»£ 

lb.WW AIR 



RUN 

NO. 


ah f 

" H a O 


ah b 

"M *0 




TEMPERATURE °C 


AT 

°C 


AT 

°F 


£^tVSh 


TRIAL 


1 


2 . 


3 


AVG. 


/ 


CP?/. <7 


(TT> 


4.Sf 


T, 


?4 ?n_ 


3p9n 


24lqo 


3>4.?o 


I. 3o. 


3LA>4 




T* 


- 


36.20. 


3/. -co . 


3A>6> 


JtL_ . 


/?-o 


2. S'o 


¥■2/, 


T. 


34 ./S 


M. 90 


34. 9o. 


24. Pc’ 


/,.3> 


2.38' 


Ad. 39 


T» 


3C-X) 


3 (c.-^o 


3><..lo 


'36- ^C> 


r ? 


/C-9 


3-2*0 


V,'/ 


\ 


3^9o 


34 9d 


34.30 


3p.Ro 


/■3a 


1.3 <f 


% 

?.C3- 


T * 


3C.^ 


3t, ~Xq 




3L3o 


V 


/¥■ 7 


3^o 


3,8.4.. 


T, 


3S^co 


3S-OD 


ASOO 


” 2 r>of) 


/'3o 




LiP_ 


T* 




3C3o . 


3C.3* 


36. So 


,r 




A- sc 


3 S' A 


T. 


34>- cD 


3S.C/S 


3£o*r 


f **V_ 

3S^osr 


’/■rio 


134' 


{.33 


T, 


3C.3o 


3C.3S 


3/.3<. 




* 




2-ov 


3. /A 


T. 


P* 7 OS 


OL<-crz> 


3S.0S 


_<«7- 03 


/ 3c 


P-34 




T*, 


3A. 3 S 


36- 3c 


3C..3S 


3(d. S>2> 


7 




ACo 


X?*- 


T, 


3S.rt> 


3S<n 


3S<ez> 


hs.*» 


/.2o 


3. 3 4 


P.P3 


T % 


3C2x, 


3C.Sc 


Alc.PrO 


3C.So 


P 




/■2o 


2- S3 


T, 


PS-to. 


3 do 


2>S'0 


3S.'0- 


pas' 


% 2 zT 






?c.as 


36.5s 


34.3*0 


36.3s- 


? 




fo 


3. O.P. 


T. 


3£os 


34o_S 


SSCks' 




A/S 




4.6/ 


T * 


%. <3o 


34 3o 


36.3* 


3 6.3s 


/o 


.9* 




/■73.-A- 


T, 


34/jT 


3 4.9? 


34 ?*r 


3/ '-?sr 


/• 3S 


P?£T 




T a 


PCSC 


3C. To 


$C/H> 


3C.™ 


// 


P. <7T? 




/■P/4 


T, 


$4 /s' 


H 7S 


34.7 <r 


3/ 


/■/£ 


APS~ 


.?./# 


T* ' 


34 ^ 


3c. *• 


3C. *o 


3C.cz! 




/ ^ 


— 


/. oo 


T. 


*>4m> 


M>o 


34 ^ 


34 4o 




2^2£1 


J-241 


T * 


2s.4s 


3s.4s 


3S.4S 





- \\A - 



APPENDIX D 






CALCULATION OP WEIGHT FLOW, SPECIFIC HEAT, 
VISCOSITY, AND THERMAL CONDUCTIVITY. 



The weight of air flowing is dependent on the following: 

1. Geometry of the fluid meter. 

2. Head loss across the fluid meter. 

3 . Specific humidity of the air. 

4. Air temperature. 

5. Air pressure. 

Factors 1 and 2 are considered when using the method of 
calculating fluid velocity, as recommended by The American 
Society of Mechanical Engineers* ' S >. Mass flow, however, is ^ 
also dependent on the specific volume of the fluid. 

Using the gas equation, i.e., pv - RT, it is evident that 
v is dependent on R, T, and j>. The specific humidity of the 
air has the effect of changing the molecular weight of the 
fluid and thus the gas constant, R. Since the value of R is 
not very sensitive to small changes in specific humidity, an 
average value of 5 0 grains per pound of dry air was assumed 
only for the purpose of calculating the weight of fluid flowing . 

Since the air temperature varies considerably from day 
to day over the year, the temperature of the air had to be 
accounted for. An assumed temperature of 100° F. was used in 
calculating the weight flow curve, and corrected to the actual 
tempera ture by the following relationship: 



\ 






c. 

V 



and \i ~ ~r 



Since 10 and e then c ~-y[v but 

> 

\ 

Therefore ^o_ ~ <o ^ - L— _ . 



G = 



Prom some early testing It became evident that the up- 
stream pressure varied from run to run* The maximum pressure 
was less than 30 inches of water or about 7% of atmospheric 
pressure* Since the velocity of flow c was proportional to 
p, the maximum epror introduced by assuming atmospheric pres- 
sure is about However, when metering an expansible fluid, 

an adiabatic expansion factor Y must be .introduced^ 1 ®) • This 
factor, less than unity, will reduce the flow. Considering the 
maximum pressure of 30 inches of water, the pressure ratio, 

r - P2 - .93. 

T I 

From Figure 97 of Reference 1$, using 3= *689# the adi- 
abatic expansion factor Y^ - .975* 



Therefore, by considering the pressure at atmospheric, 
i.e., r - 1.0, Y^ = 1, the maximum error is: 

1.035 ( .975) - 1 = .009 or 9/10 of 1 



In addition, since both Nusselt Number and Reynolds Number 
are directly proportional to W a , both values have the same 
maximum error or .9$. Since Njj u is proportional to Np e *®^, 
the maximum error introduced in the actual plots of Njj u vs. 

Np Q is of the order of (1.009)*^ - (1.009), or *12$. Since 
this is the maximum possible error and decreases with decreased 
weight of fluid flowing, it is negligible. Therefore, the 
pressure was assumed at Uj.*7 psia and no correction made for 
changes in pressure.. 



-life - 






* 



Values of W fi corresponding toAHp values of 0 to 30 
inches of water were calculated and are plotted In Figure D-2. 

The following is a sample calculation showing the method used: 

C = -V va 

where C is velocity of fluid flowing in ft/sec, VA is head 
loss through the flow meter in feet of fluid flowing, and 

is the coefficient of discharge. Since A Hp was measured 
in inches of water, then: 

i_A _ _ -K -1 — X x. . "5 x V 

where V is the specific volume of fluid flowing in cubic 
feet per pound. 

Therefore) 

C - X -J a. x "il.x X .A-3"b x_L_ x v,x 

\ x 

oe c =■ vb.3 ca -^/V 

Assigning an average specific humidity of $0 gr/lb. dry 
air, a temperature of 100° F, and a standard pressure of 
II 4..7 psia, and using: 

M a - molecular weight of air = 28.970^“^. 

MH 20 I molecular weight of water vapor - 18.016^ 

M , - 'oO C\8.cib) 4 IOOO A8 .^To) „ 

Werr (Vve_~ J J - — = ^,8.89 Z, 

7000 -+ *30 

R = XAXX- = 

K\ 2© .881 ' 

P C 

G = _c_ __ \ s,3 Cel = I ©.-3 =A.©7 C^a/m f 

V -W~ 



-\\i- 



i 



A = 






rr . O *X 4 =V-\ \ 



^ x v-^<v 



Vs/^ = ^ CdOO k G> X P - ^bOO * . O \ x G> = .%"> G(o IVoi/ He_ 

Again at the conditions assumed: 



.o<*fco*5 



\b^ / 



09 ) 



- ^“r 






V\os / vve - srr 



(19 > 



Therefore: /t _ <op ^ ooo .L-Q^do^)) — . 0^59 \^Ac-pt 



uoerr Ave_ 



1000 ^O 

N ee = &A . - ^feoo k -3..n^v g> - V- a. x \o H G> 

\X -a .0 =V'S'H 



C& 



Where Is D 2 /b^, D^ is inside pipe diameter, and D 2 is 
orific diameter, and K is the coefficient from Table 12,ASME^®), 

yS - O*. _ 3 l .U- 4 

~A ^.obfer 

c&= k v \-c_fevV)^ - .%%i<. 

Values of K interpolated from Reference 18 are plotted in 
Figure D-l. 



Assuming AHp = 16 inches, then^AHF » lj.,0. Estimating 

C d as ,609 gives the following: 

CL = C& -Ja^V- C.bO^^.O= U.'erozss 

^coh ^vfc. D- \ ^ K_ = .(b^W fttots C&- .bti «- . bOV°i . 

.% CL = ^.©T> C ^08*3) = CV.%fc|^t 

Therefore : 






%").%T(b a Vl-tyfei-H = \ 0*V=V '•^>5. bierv PHC. / v*iOoC_ 



The values of specific heat were computed for a pound of 
wet air by the following equation and are plotted in Figure D-3: 

a P - > w CCQ = ««>/,*. wer 

looo - 7 c 



we - 









* 



where C,p^ 0 * s specific heat of water vapor^®^, 

is specifio heat of air(^), and 
"X is speoific humidity in gr/lb. of dry air. 

Viscosity and thermal conductivity are taken directly 

i 

from the table for dry air^^) and are plotted in Figure D-4» 




* 








* 



APPENDIX E 



CALCULATION OP NUSSELT NUMBER 
and 

REYNOLDS NUMBER 

For each test spot $he Nusselt Number and Reynolds 

Number was calculated and plotted in Figures 1 through 10. 

* 

The heat transferred was equal to the weight of gas times 

the specific heat times the change in temperature. Using A % 

and Tt from the test data, W a was determined from Figure D-2. 
■ L avg 

Also using AT, the values of film temperature T f and the mean 
temperature difference AT m were calculated using the following 
relations: 

T. w amo % 




The heat transfer coefficient h equals the total heat 
transferred divided by the area and the mean temperature 
difference. The projected rear wall area Ap was used as the 
heat transfer surface giving the following equation for h: 

M ■=. 

p x ATT” /vi*. 

where the specific heat C p was evaluated at the bulk temperature 

of the eas T and corrected for moisture content. Values of 
g 

Cp were taken from Figure D-3. 

From Figure D-4» values of k and yet, at the film temperature 

were taken. Using N Nu = hD the value of Nusselt Number was 

Tc” 



\7>. A - 

1 



r 







; 



readily calculated 



Reynolds Number was calculated using the following 
equation: 



N 



<^■0 






where G : W a and A 0 was the total burner area and W & the 

Ao 

total weight of air flowing. 



The actual calculation of Nusselt Number vs, 'Reynolds 
Number was done in tabular form. For the purpose of illus- 
tration, a sample calculation sheet is shown in Table E-l, 
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Hi 
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a? 

UJ 

CQ 
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a 

xA 

y 

a 

UJ 

CD 

2 

3 

Z 
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Z 

Ll 

O 

z 

o 
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3 

4 
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> 
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$ 
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C* 

J 



(I 



y 

t 

n 

2 

D 

X 

o 

Ll 



a 

ip 



U 

1 
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